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ABSTRACT 


Thin  program  is  concerned  with  evaluating  a  new  storable 
liquid  oxidizer  IKTO,  which  is  nitrogen  tetroxide  (NTO) 
inhibited  with  a  fluorine  oxidizer.  The  best  fluorine 
oxidizer  has  been  found  to  be  FNO,,. 


Storability  tests  of  INTO  in  stainless-steel,  aluminum, 
and  nickel  containers  at  70  C  have  now  been  in  progress 
for  6  months  with  no  apparent  change  in  the  composition 
of  the  propellants. 

Corrosion  tests  of  steel  and  aluminum  alloys  are  being 
conducted  in  wet  NTO,  dry  NTO,  INTO  made  from  wet  NTO, 

INTO  made  from  dry  NTO,  and  dry  NTO  +  1IF.  The  tests  are 
being  conducted  at  ambient  temperature  for  30  days  and 
for  20  months,  and  at  70  C  for  30  days.  The  results  of 
the  30-day  tests  are  reported  herein,  A  definite  pass¬ 
ivation  layer  was  noted  both  visually  and  by  weight  change 
on  the  aluminum  samples  exposed  to  INTO  at  both  tempera¬ 
tures  and  on  the  iron  samples  exposed  to  INTO  and  to  NTO 
+  Iff  at  70  C. 

INTO  made  from  wet  and  dry  NTO  has  been  intermittently 
flowed  through  25-  and  100- pound  valves  for  &  2  week  period 
with  no  apparent  deterrent  ef  fects  upon  valve  performance. 

INTO  has  been  prepared  by  mbbling  F0  through  liquid- 
propel lant-grnde  NTO  at  ambient  temperature.  The  reaction 
proceeded  smoothly  and  no  difficulties  are  anticipated  in 
scaling  up  the  operation. 


v 


The  ~onductiv: t >es  of  INTO  and  NTO  soluti  ons  have  been 

aeasuied.  The  L^-iition  of  FNO  or  F_NO  to  NTO  caused  only 

) 

a  small  change  in  conductivity.  It  is  not  anticipated 
that  INTO  will  present  more  galvanic  corrosion  problems 
than  does  NTO. 

Measurements  of  the  vapor  pressures  and  freezing  points  of 
INTO  solutions  have  been  completed. 

Methods  have  been  developed  for  the  chemical  analysis  of 
INTO  and  of  NTO. 
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INTRODUCTION 


Nitrogen  tetroxide  (VTO)  i»  thin  country's  most  widely  used  liquid  oxidizer 
Corrosivity  has  greatly  complicated  the  use  of  this  propellant.  Dry  NTO 
is  not  a  highly  corrosive  liquid,  but  moist  NTO  is  extremely  corrosive 
because  of  the  formation  of  nitric  and  nitreus  acids  by  the  reaction  of 
NTO  with  water.  This  moisture  problem  is  the  reason  for  the  rigid  and 
difficult-to-«aintain  military  specification  P-20539B  (99.30-percent  min¬ 
imum  N  0^,  0.10-percent  maximum  H^O  equivalent).  Because  up  to  1  percent 
of  water  does  not  affect  performance,  the  only  reason  for  the  highly  re¬ 
strictive  0.1-p»rcent  water  equivalent  requirement  is  to  reduce  corrosivity 

It  has  been  assumed  that  nitrogen  tetroxide  presents  no  serious  storage 
cr  handling  problem  when  stored  and  transferred  in  clean,  air-tight, 
moisture-free  systems,  and  handled  by  trained  personnel.  This  assumption 
has  proved  misleading  for  operational  purposes. 

The  manifestation  of  corrosion  effects  has  brought  to  light  the  moist  NTO 
problem.  In  addition  to  causing  material  failures,  the  reactions  of  the 
moist  oxidizer  with  tbe  environment  also  lead  to  l*ro*iwi  phenomena.  Be- 
cz'ise  of  the  corrosion  of  container  materials,  s  solid  phase  is  often  in¬ 
troduced  into  tbe  system.  The  mechanical  movement  of  this  solid  causes 
clogged  f  liters,  flow  decay  rstes  in  metering  equipment,  intermittent 
irregularities,  end  unexpected  residue  s^iraerf.  Also,  premature  hard¬ 
er  re  failures,  surreptitious  leaks,  and  sporadic  vf.usnini  of  the  auxili¬ 
ary  equipment  have  sometimes  occurred  because  of  s  rapid,  localized  attack 
such  as  pitting  and  intergranular  invasion  of  tbe  nitrate  species. 

Brieflv,  NTO  rest*  with  mwisture  to  form  3N0  and  HNO.,.  The  HN0o  then 
reacts  further  to  form  water  and  S„0^.  The  HNO^  reacts  with  valve  and 
container  aatenals  to  form  '>.‘,11“  nitrate,  water,  a<rd  NO  or  N,,0  .  Tbe 
"  then  reacts  with  more  NTO  to  reform  The  net  result  i»  cat,'- 

lytic  nitration  of  the  materials  of  ro^.-t  .action,  with  an  increase  sit 
but  no  decrease  in  the  KNO^  content  of  the  NTO.  Tbat  is,  the  aelutioo, 


wt>*n  nitrating  the  vail,  lose*  non*  of  its  corrosivity  us  «  result  of  the 
re introduction  of  water  into  the  sy *  ten .  The  sequence  of  reurtiona  can 
be  sunBarized  as  follows: 

M  *  K2°4 - ►®i03  *  ®»2  (i) 

2®io., - ►H20  *  (2) 

4IK0  *  "wall" - ►"wall”**  •  2N0_“  .  N„  0,  *  2H..0  (t) 

BHNO^  ♦  1  "wall" - "wall”**  -  6N0^~  -  2N0  •  4H,,0  (/,) 

The  care  necessary  to  guarantee  the  integrity  of  a  totally  water- free  aye- 
ten  is  often  too  rigorous  to  be  practical. 

Late  in  the  suannr  of  19W,  Bocketdyue  developed  the  concept  uf  INTO, 
which  is  NTO  to  which  a  fluorine  oxidizer  has  been  added.  It  w«e  denun- 
strated  bv  nuclear  nagnetic  resonance  (n.n.r  )  and  Turner  bulb  water  equi¬ 
valent  analysis,  that  the  NTO  was  purged  wf  water  by  the  react  ion  of 
fluorine  oxidizers  with  the  nitric  arid  present.  One  of  the  products  of 
this  reaction  was  definitely  denonstrated  to  be  III'.  The  technical  posi¬ 
tion  at  that  tine  was  one  in  which  it  was  known  that  (l)  dry  NTO  is  not 
highly  corrosive.  (2)  wet  VTO  is  highly  corrosive,  and  (1)  INTO  consists 
of  dried  NTO  with  a  fluorine  oxidizer  and  liF  present.  IRFNA  (RJXA  with 
Iff  added/  is  less  corrosive  towards  »use  alloys  than  is  pure  Rf\A.  1H 
analogy,  it  was  predicted  that  INTO  should  be  less  corrosive  titan  wet  NTO. 

As  a  consequence  of  the  expennental  results  suanwnzed  previously,  the* 
present  prog  ran  was  taitiated.  The  objectives  of  the  progras  are  (l)  to 
choose  a  suitable  fluorine  oxidizer  to  nnke  INTO, (2)  to  nak*  an  engineer¬ 
ing  evaluation  of  tbe  corrosion  properties  and  storability  of  the  propel¬ 
lant.  (1)  to  determne  tons  of  its  basir  physical  and  chenical  properties, 
and  (4)  to  develop  nrthods  for  its  cenplrt*  rbemral  analv*:*. 
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PHASE  I:  ENGINEERING  EVALUATION 


STORABILITY 

Summary 

One  of  the  primary  purposes  of  the  INTO  program  has  been  to  select  the 

most  suitable  fluorine  oxidizer  to  odd  to  NTO.  Both  F^NO  und  FNO,.  seemed 

likely  candidates  because:  (l)  either  would  react  with  HNO^,  (2)  neither 

should  affect  the  propellant  properties,  and  (3)  both  would  allow  a  high 

proportion  of  fluorine  loading  for  a  relatively  small  increase  in  vapor 

pressure.  As  a  result  of  the  storability  tests  described  below,  F^NO 

was  eliminated  as  a  possible  additive  because  it  was  found  that  it  would 

react  with  No0,  to  form  FN0_.. 

2  k  2 


Experimental 

NTO  +  F_N0  was  tested  for  storability  and  constituents  compatibility  in 
6o6l  aluminum,  1018  carbon  steel,  321  stainless  steel,  and  nickel  con¬ 
tainers  at  ambient  temperatures,  53  and  70  C.  The  tests  were  carried  out 
under  two  conditions  of  bomb  prepassivation:  (l)  mild,  using  F^NO  at  70  C 
overnight,  and  (2)  vigorous,  using  CIF^  at  70  C  overnight.  The  bombs  had 
a  capacity  of  8  to  10  milliliters  and  each  was  loaded  vi  th  k  to  6  grams 
of  a  k. 9-percent  F_N0  in  NTO  mixture. 

The  samples  were  analyzed  by  infrared  spectrometry  and  gas  chromatography 
both  immediately  after  loading  and  after  appropriate  time  periods.  The 
data  are  summarized  in  Tables  1  through  3  . 

An  examination  of  the  analytical  data  immediately  reveals  that  the  compo¬ 
nents  of  the  NT0-F^N0  mixture  are  not  compatible  at  elevated  temperatures. 
As  a  result,  emphasis  on  the  program  lias  been  shifted  exclusively  to  NTO 
+FN0„. 
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TABLE  1 


STORABILITY  AT  53  C 
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Because  NTO  +  FN0o  was  formed  by  the  reaction  of  F^NO  with  NTO,  the  com¬ 
patibility  tests  originally  started  with  NTO  +F^N0  were  continued  using 
the  same  solutions  in  the  same  bombs.  The  data  from  these  tests  are 
also  contained  in  Table  1  through  3  -  These  results  indicate  that  NTO 
+  ^^2  *s  8^0I,akle  at  elevated  temperatures,  in  sufficiently  passivated 
containers,  for  at  least  6  months  (45  days  at  53  C  and  the  remaining  time 
at  70  C). 


At  the  end  of  6  months,  the  NTO  +  FNOg  solution  in  the  storability  bombs 
had  been  completely  used  up  by  sampling  for  chemical  analysis.  The  bombs 
were  reloaded  with  a  fresh  NTO  +  FNOg  solution  and  were  returned  to  stor¬ 
age  at  70  C.  The  storability  tests  are  being  continued  and  the  contents 
of  the  bombs  will  be  periodically  analysed. 


CORROSION  TESTS 

Summary 

The  primary  purpose  of  replacing  NTO  with  INTO  is  to  eliminate  corrosion 
in  field-use  systems,  or  at  least  to  reduce  it  to  acceptable  limits. 
Evaluation  of  improvements  must  be  based  on  studies  of  the  corrosive 
effects  of  INTO  compared  to  the  corrosive  effects  of  NTO  on  the  materials 
of  construction  used  in  propellant-handling  systems.  A  limited  series 
of  screening  tests  were  performed  to  evaluate  the  efficiency  of  the 
inhibitor. 

An  inspection  of  the  materials  in  the  Titan  II  engine  system  showed  that 
an  extremely  large  number  of  alloys  and  other  materials  are  required  for 
even  this  single  application.  It  was  far  beyond  the  scope  of  this  effort 
to  evaluate  the  corrosion  resistance  of  all  of  these  materials  to  INTO. 
Instead,  representative  materials  were  selected  for  testing.  These  ma¬ 
terials  are  presented  in  Table  4. 
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TABLE  4 


MATERIALS  SUBJECTED  TO  CORROSIVITY  TESTING 


Group  I 

Iron  Alloys 

Group  II 
Aluminum  Alloys 

Group  III 
Nonmetals 

304  Stainless  Steel 

6061-T6 

Kel-F 

316  Stainless  Steel 

7075-T73 

Kynar 

321  Stainless  Steel 

Tens  50 

Butyl  Rubber 

AM350  SCT 

2014-T6 

Teflon 

440C  Stainless  Steel 

2024 

Viton  A 

Welded  specimens  of 
all  the  above 

Welded  specimens  of 
606l,  Tens  50  and  2014 

-  -■  -- 

Because  the  investigation  is  basically  comparative  in  nature,  specimens 
were  exposed  to  five  different  propellant  compositions.  These  are: 

1.  Dry  ^0^  (military  specification,  less  than  0.10  weight  percent 
Ho0  equivalent  and  a  minimum  99.5-percent  assay) 

2.  Wet  No0^  (>0.1  weight  percent  HgO  equivalent) 

3.  Dry  No0^  plus  approximately  3.0  weight  percent  FN0o  ("dry  INTO") 

4.  Wet  No0^  plus  approximately  3-0  weight  percent  FN0o  ("wet  INTO") 

5.  Dry  N,,0^  plus  approximately  0.5  weight  percent  IIF 

These  compositions  broadly  cover  the  conditions  that  could  be  expected 
in  actual  operations.  The  fifth  composition  is  included  to  check  the 
effect  of  the  major  reaction  product  between  the  additive  and  water  in 
the  absence  of  either  of  these  materials.  Four  series  of  tests  were 
conducted:  30-days  exposure  at  ambient  temperature,  30-days  exposure  at 
70  C,  20-months  exposure  at  ambient  temperature,  and  7-days  exposure  at 
ambient  temperature  (nonmetals  only). 


At  the  start  of  the  program,  F^NO  was  to  be  used  as  the  inhibiting  agent. 

As  a  result  of  the  storability  tests  described  supra,  it  was  discovered 
that  the  F^NO-NTO  system  was  not  stable  und  reacted  to  form  FN0(>.  It  was 
subsequently  shown  that  FNO^  is  as  effective  as  F^NO  in  reducing  the  water 
content  of  moist  No0;i,  and  therefore  FNO^  was  substituted  for  F^NO  as  the 
inhibiting  agent. 

To  date  all  30-day  tests  have  been  completed,  and  ail  20-month  tests  are 
in  progress.  The  discussion  and  conclusions  of  this  report  are  based  only 
on  data  obtained  from  short-term  (30-day)  corrosion  tests.  At  the  end  of 
the  20-month  testing  period,  a  supplementary  report  will  be  published. 

Results  of  the  30-day  tests  have  been  promising.  NTO  with  FNO^  added 
forms  a  white  passivation  layer  on  aluminum  alloys,  both  at  ambient  tem¬ 
perature  and  at  70  C.  Control  tests  show  that  this  layer  is  not  caused 
by  HF  in  solution.  No  passive  layer  is  visible  when  ferrous  alloys  are 
exposed  to  FN0o  but  a  green  passive  layer  forms  at  70  C  because  of  HF  in 
solution.  Aluminum  alloys  are  passivated  by  I1F  but  only  significantly  so 
(visually  apparent)  at  elevated  temperatures.  Aluminum  is  more  heavily 
passivated  by  FN0o  than  by  HF.  In  all  cases,  the  FNO^  passivation  layers 
disappeared  faster  than  the  HF  passivation  layers  when  exposed  to  the 
atmosphere.  The  304L,  316,  and  321  stainless  steel  alloys  and  the  2014 
and  2024  aluminum  alloys  appeared  to  be  the  most  desirable  of  the  alloys 
tested. 

Procedures 

Preparation  of  Specimens  and  Test  Cylinders.  The  testing  procedure  was 
designed  so  that  both  welded  and  nonwelded  specimens  would  be  exposed  to 
both  the  liquid  and  vapor  phases  of  the  propellant  compositions.  Materials 
were  tested  by  exposing  small  disks  (approximately  ]/l6-inch  thick  and 
7/8-inch  diameter)  to  the  propellants.  These  disks  were  strung  on  rods 
and  were  separated  by  Teflon  spacers.  The  spacers  minimized  interaction 
between  individual  specimens  and  ensured  free  penetration  of  the  propel¬ 
lant  to  the  surface  of  the  specimens.  Kel-F  disks  were  placed  between 
specimens  to  catch  any  residue  that  might  have  fallen  off  the  surface  of 
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the  specimens  during  testing.  For  material  uniformity  aluminum  specimens 
were  strung  on  aluminum  rods,  ferrous  specimens  on  stainless  steel  rods, 
and  nonmctallic  specimens  on  Teflon  rods.  Tests  were  conducted  in  stain¬ 
less  steel  and  aluminum  cylinders  which  were  capped  on  one  end  and  valved 
on  the  other  eid  (Fig.  1  ).  Steel  valves  were  used  on  the  iron  test  bombs, 
and  aluminum  valves  were  used  on  the  aluminum  test  bombs. 

Uniformity  of  specimens  of  each  material  was  assured  by  cutting  a  suffic¬ 
ient  number  of  specimens  to  perform  all  tests  from  a  single  piece  of  stock. 
Any  heat  treatment,  cleaning,  or  other  preparatory  operations  were  per¬ 
formed  on  the  original  stock  before  cutting  the  specimens.  All  specimens 
were  cleaned  with  a  soap  solution,  rinsed  with  water  and  acetone  and 
weighed  before  testing.  Each  specimen  was  also  stamped  with  a  number  and 
a  letter  designating  the  test  condition  and  alloy,  respectively. 

The  test  bombs,  valves,  and  fittings  were  vapor  degreased,  washed  with 
soap  and  water,  and  rinsed  with  water,  trichloroethylene,  and  acetone. 
Valves  were  completely  disassembled  for  cleaning  and  reassembled  using 
Fluorolube  as  a  lubricant  on  the  valve  stem  assemblies. 

Preparation  of  Propellant  Solutions.  Individual  solutions  were  pi’epared 
by  drying  commercial  NTO  and  then  adding  known  amounts  of  the  desired 
additives.  Water  content  was  determined  by  nuclear  magnetic  resonance 
(NMR)  analysis  and  by  aluminum  Turner  bulb  analysis.  HF  and  FNOg  contents 
were  determined  by  infrared  spectroscopy. 


Loading.  The  propellant  was  loaded  into  the  test  bombs  in  a  closed  trans¬ 
fer  system  (on  a  vacuum  line).  With  reference  to  Fig.  2,  a  typical  trans¬ 
fer  was  carrier  out  as  follows:  The  space  between  valve  No.  1  and  2  was 
evacuated,  valve  No.  2  was  closed,  and  valve  No.  1  was  opened.  With  valves 
No.  3,  4,  and  5  open,  the  test  bomb  and  loading  assembly  were  evacuated. 
Valve  No.  4  was  closed,  and  the  loading  assembly  was  pumped  down  to  a 
vacuum  of  approximately  10~^  torr.  Valve  No.  3  was  closed  and  valve  No.  4 
was  opened  so  that  the  test  bomb  was  also  pumped  down  to  a  high  vacuum. 
Valve  No.  2  was  opened  and  the  loading  assembly  was  allowed  to  fill  for 
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5  minutes.  After  the  loading  assembly  was  filled,  valves  No.  2  and  5  were 
closed,  isolating  the  loading  system  from  the  vacuus  system  and  propellant 
reservoir.  Valve  No.  3  was  then  opened  and  the  transfer  was  carried  out 
Tot  approximately  10  minutes.  During  the  transfer,  the  Devaf  flask  vas 
filled  with  liquid  nitrogen  to  bring  the  test  bomb  temperature  dovn  to 
-i90  C.  Upon  completion  of  the  transfer,  valves  No.  3  and  ?»  vere  closed 
and  the  bomb  was  removed  from  the  loading  system.  The  bomb  vas  then 
weighed  to  verify  transfer  of  a  65  milliliter  volume.  Smaller  bombs  and 
a  smaller  loading  assembly  vere  used  for  the  nonaetal  samples. 


Testing.  All  bombs  vere  stored  in  an  inverted  (valve  dovn)  position. 

The  ambient  and  high- temperature  bombs  vere  stored  in  an  outdoor  bay  at 
the  Rocketdyne  Canoga  Park  facility.  The  high-temperature  bombs  vere 
stored  in  an  oven  at  70  13  C.  Periodic  samples  vere  taken  of  the  liquid 
contents  of  all  boariis  containing  11F  or  FN0o  on  a  vacuum  line,  to  which  a 
gas  sampling  cell  vas  attached,  as  follows:  The  test  bomb  vas  attached  to 
the  line  in  an  inverted  position.  The  sampling  system  vas  evacuated  and 
then  passivated  with  pure  After  evacuating  the  FTJ0o  from  the  sy*~ 

tem,  the  valve  on  the  test  bomb  vas  barely  opened  expanding  a  liquid 
sample  to  the  gas  phase  in  the  sampling  system.  At  the  desired  pressure, 
(200  ir.ii  of  Hg)  the  test  bomb  valve  vas  closed  and  the  infrared  cr  near 
infr. red  sample  cell  vas  shut  off  and  reooved  from  the  system  and  analyzed 
as  described  in  the  Phase  II  section  of  this  report. 


Evaluation  of  Tests.  All  corrosion  tests  were  evaluated  in  the  same  manner 
to  ensure  a  common  basis  of  cocqiarison.  An  overall  observation  of  the 
specimens,  including  the  taking  of  color  photographs,  vas  mode  immediately 
upon  removal  from  the  test  bombs.  The  alloys  which  had  been  obviously 
affected  by  exposure  to  the  oxidizer  vere  noted.  For  the  nonmetallic 
samples,  visual  observation*  vere  node  for  swelling,  dissolution,  and 
cracking.  Weights  of  each  specimen  vere  then  taken  to  determine  the  ab¬ 
solute  and  percent  weight  change.  The  metallic  specimens  vere  then  photo- 
mir rographed  at  15X  magnification.  Observations  on  the  surface  condition 
of  the  specimens  vere  made  by  a  comparison  of  the  photomicrograph  of  the 
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•xp»c«4  ipteiaM  t(  a  pheten ic rograph  of  a  control  specimen.  Rio tonic ro- 
g  raphe  of  two  ferrous  aad  two  altaioto  alloys  with  controls  arc  presented 
in  Pig.  A-l  through  A- 12  of  Appendix  A. 

For  the  aouuetallic  spec i nr no,  NTO  conti sued  to  evaporate  long  after  re- 
■aval  fron  the  test  bosk,  therefore  weights  were  taken  after  72  hours  and 
240  hours. 


Unloading  of  Teat  Bedha.  Unloading  procedures  were  designed  to  preserve 
the  condition  of  the  specinens  as  they  were  upon  reoeval  from  the  test 
beaks.  The  nocuetal 1  ic  samples  were  renoved  and  analyzed  in  the  atuos- 
phere.  After  dusking  the  liquid  fron  the  txndi,  the  sanples  were  renoved 
fron  the  bodb,  renoved  fron  the  Teflon  r' ' ,  and  allowed  to  dry  on  a  tray. 
Observations  were  node  on  the  sanples,  and  they  were  then  weighed  after 
72  and  240  hours. 

The  ir.tial  unloading  procedure  for  the  uetallic  speciuen  tests  was  used 
for  the  nattiest  t superstore,  wet,  and  dry  NTO  tests.  After  d unping  the 
liquid  fron  the  test  boobs,  the  speciuen  strings  were  rapidly  placed  in 
a  glove  bag  (portable  plastic  bag  with  attached  gloves)  through  which  a 
dry  gaseous  nitrogen  purge  was  run.  When  the  strings  of  coupons  no  longer 
showed  signs  of  degassing  NTO,  they  were  renoved  free  the  glove  bag  and 
given  three  rinses:  nr t hand ,  W- percent  urthanol /50-percent  water,  and 
water.  The  purpoae  of  the  rinses  was  to  renove  any  residual  nitric  acid 
which  would  continue  to  corrode  the  specinens.  The  specinens  were  theo 
renoved  fron  the  rods,  blotted  dry,  photographed,  and  weighed. 

The  procedure  was  Modified  for  the  removal  of  the  aluninun  specinens  fron 
the  ask  lent  temperature,  dry  INTO  test  boub .  Modifications  were  anrie  to 
preserve  the  passivation  layer.  After  dunping  the  liquid,  a  dry  gaseous 
nitrogen  purge  was  run  through  the  boub .  The  bonb  with  the  specimen 
string  inside  was  placed  in  the  glove  bag  where  the  specinens  were  then 
renoved  fron  the  rod.  The  specimens  had  a  thin  white  passivation  layer. 
One  specimen  was  renoved  and  weighed.  It  appeared  to  be  losing  weight. 
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After  approximate])-  1.5-bour«  exposure  to  the  atmosphere,  the  layer  dis¬ 
appeared.  After  24  hours  in  the  clove  bag,  the  remaining  samples  showed 
significant  passivation  layer  loss.  It  was  apparent  that  a  more  inert 
atmosphere  than  that  available  in  the  glove  bag  was  required  for  preserv¬ 
ing  the  passivation  layers. 

All  tests  subsequent  to  the  aluminum  alloys  in  dry  INTO  were  opened  in 
a  dry  box  purged  by  a  moisture-free  gaseous  nitrogen.  The  dry  box  is 
approximately  4  by  3  by  3  feet  with  an  antechamber  which  enables  hard¬ 
ware  to  be  placed  into  .nd  removed  from  the  box  while  maintaining  an  in¬ 
ert  atmosphere.  A  Mettler  balance  was  placed  in  the  box  enabling  the 
weighings  to  be  made  in  an  inert  atmosphere.  The  only  work  conducted 
in  the  atmosphere  was  the  dumping  of  the  liquid,  the  gaseous  nitrogen 
purging  of  the  INTO  test  bombs,  the  rinsing  of  the  VTO  test  samples,  and 
the  photographing  of  the  specimens.  All  weighing  and  removal  of  the 
samples  from  the  rods  v»s  conducted  in  the  dry  box.  An  attempt  was  made 
to  preserve  the  passivation  layers  by  sealing  the  specimens  in  Saran 
Wrap  packets  upon  removal  from  the  dry  box.  This  preservation  technique 
was  sucessful  in  some  cases  and  inadequate  in  otbers.  This  unloading 
procedure  proved  satisfactory-  for  all  tests. 


Test  Besults 


Sonmetal  Tests.  Seven-day  nonmetnls  compatibility  tests  based  on  weigfot 
change  and  visual  observations  were  carried  out  in  VTO,  NTO  ♦  F^NO,  and 
VTO  ♦  FN0o.  These  tests  were  conducted  identically  to  the  metals  tests 
except  for  the  preparation  of  the  NTO  ♦  FVO,,  test  bomb.  The  stainless 
steel  boob  used  in  the  NTO  '  FVO„  test  was  prepusvi vated  with  an  NTO  * 
FV0o  solution  containing  3.0  molr  percent  FVO^.  The  solution  remained 
in  the  bomb  for  24  hours  at  23  C. 

The  liquid  and  vapor  phase  specimens  appeared  to  be  identically  affected 
during  both  the  NTO  ♦  F^VO  and  NTO  tests  (Fig.  A-13).  Kel-F.  Kvnnr.  and 
Teflon  appeared  unaffected  except  for  color  changes.  The  Yiton  A  cracked 
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in  both  NTO  and  NTO  *  F^NO.  Butyl  rubber  was  completely  dissolved  in 
NTO  +  F^NO  and  seemingly  unaffected  bj'  NTO,  The  F^NO  in  the  NTO  was  not 
completely  destroyed  by  the  reaction  with  the  butyl  rubber. 

The  results  of  the  NTO  +  FN0o  test  were  markedly  different  from  those  of 
the  NTO  +  F„N0  test  (Fig.  A-14).  Kel-F,  Teflon  and  Kynar  again  appeared 
unaffected  by  either  NTO  or  NTO  +  FN0o  except  for  color  change  and  a  very 
slight  surface  softening.  The  Viton  A  exposed  to  both  NTO  and  NTO  +  FN0o 
exhibited  extreme  swelling  (nearly  twice  the  original  size)  as  observed 
upon  ”emoval  from  the  test  bombs.  After  exposure  to  the  atmosphere  for 
■JO  minutes,  the  specimens  reduced  in  size  to  approximately  one  and  one- 
tenth  the  original  size.  There  was  some  slitting  around  the  inside  dia¬ 
meter  of  the  specimens  exposed  to  the  liquid  phase  of  both  the  NTO  and 
the  NTO  +  FN0o.  The  Viton  A  exposed  to  liquid  phase  NTO  +  FN0o  had 
approximately  one-fourth  the  resiliency  of  tile  control  specimen  compared 
to  approximately  three  fourths  for  the  specimen  exposed  to  the  liquid 
phase  NTO.  In  addition,  the  Viton  A  specimen  exposed  to  liquid  phase  NTO 
+  FN0„  was  the  only  specimen  which  lost  weight. 

Although  the  butyl  rubber  also  exhibited  extreme  swelling  as  observed 
immediately  upon  removal  from  the  bomb,  the  swelling  was  not  as  great  as 
that  of  the  Viton  A,  and  there  was  no  cracking.  After  exposure  to  the 
atmosphere  for  10  minutes,  the  specimens  returned  to  their  original  size. 
The  weight  changes  of  the  specimens,  along  with  observations,  are  pre¬ 
sented  in  Tables  A- l  and  A-2. 

In  summation,  there  was  considerably  less  reaction  between  the  nonmetais 
and  NTO  +  F.\'J0  than  between  the  nonmetais  and  NTO  +F^N0,  There  was  little 
reaction  between  NTO  +  FNO,,  and  the  butyl  rubber,  whereas  the  NTO  +  F^NO 
dissolved  nearly  all  of  the  butyl  rubber.  The  amount  of  remaining  in¬ 
hibitor  was  also  greater  in  the  NTO  +  FN0o  test.  Pretest  FN0o  content 

*> 

was  1.0  mole  percent  (in  the  supply  bomb)  and  posttest  FNOg  content  was 
1.5  mole  percent  (in  the  test  bomb). 
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Wot  and  Pit  Nil)  Teats.  The  ferrous  and  aluminum  specimens  exposed  to  vet 
and  dry  N'TO  appeared,  in  general,  only  very  slightly  corroded  if  affected 
at  all.  The  only  two  alloys  which  were  consistently  affected  by  exposure 
were  1018  carbon  steel  and  ViOC  stainless  steel.  Both  were  slightly  dis¬ 
colored  upon  removal  from  the  ambient  test  bombs.  The  hhO  showed  obvious 
finking  in  the  dry  NTO  high-temperature  test  and  discoloratiou  in  the  wet 
NTO  high-temperature  test.  The  welded  carbon  steel  specimens  appeared 
black  in  the  wet  NTO  high-temperature  test.  A  sticky  surface  residue  was 
apparent  on  the  vapor  phase  carbon  steel  specimens  in  the  dry  NTO  high- 
temperature  test.  Except  for  some  spotting  of  the  wet  NTO  high-temperature 
test  specimens,  none  of  the  aluminum  alloys  appeared  affected. 

A  yellow-green  powder  was  observed  on  the  aluminum  and  ferrous  alloys  in 
the  ambient  tests.  Samples  of  this  powder  were  taken  and  analyzed  by 
emission  spectrographic  analysis.  Results  of  these  analyses  are  presented 
in  Table  5  .  Because  iron  is  a  major  constituent  even  in  the  residue  from 
the  aluminum  test  sample,  it  is  believed  that  the  source  of  the  iron  is 
not  from  the  test  bombs  but  from  the  container  used  for  storing  the  NTO 
before  loading.  Several  of  the  other  elements  are  stainless  steel  con¬ 
stituents.  These  could  come  from  the  test  bombs  or,  more  likely  (because 
they  also  are  present  in  the  aluminum  test  sample),  from  the  storage 
container. 


Test 

Major 

Constituents 

Minor 

Constituents 

Minor-Trace 

Constituents 

Trace 

Constituents 

Dry  NTO, 

Fe 

— 

Cr ,  A1 ,  Si , 

Zr 

30-Day  Ambient, 

Mg,  Ni,  Mo, 

Ferrous  Alloys 

Cu,  Ti,  Na 

Wet  NTO, 

Fe,  Cr 

Ni,  Cu 

— 

Mn,  Ti,  Mg, 

30-Day  Ambient, 

Zr,  Al,  Si 

Ferrous  A1 1 oys 

Wet  NTO, 

Fe 

Cr,  Ni,  Cu 

Si 

Mn,  Mg,  Zr, 

30-Day  Ambient, 

Al 

Aluminum  Alloys 

i 

Each  specimen  was  weighed  before  and  after  testing.  The  weight  changes 
presented  in  Tables  A-3  through  A-13a^o  averages  based  on  four  samples  of 
each  alloy  (one  welded  and  one  nonwelded  in  each  the  vapor  and  liquid 
phases).  The  only  exceptions  to  this  averaging  of  four  samples  are  for 
the  2024  and  7075  aluminum  alloys  (one  nonwelded  sample  in  each  phase)  or 
where  otherwise  noted  in  the  conments. 

For  the  ambient  temperature  tests  (Tables  A-3  and  A-4),  most  of  the  weight 
changes  are  not  really  significant  relative  to  the  probable  errors  incurred 
during  handling  and  reweighing  the  specimens  after  the  tests. 

The  weight  changes  are  valid  to  approximately  ±0.0002  grams.  This  rep¬ 
resents  approximately  ±0.0009  and  ±0.023  weight  percent  for  the  ferrous 
and  the  aluminum  alloys,  respectively.  Of  the  22  averages  in  Tables  A-3 
and  A-4,  17  are  within  this  range.  There  are  8  weight  increases  and  11 
weight  decreases  which  again  show  a  random  scatter  in  the  data. 

Weight  changes  are  more  significant  for  the  high-temperature  tests  (Tables 
A- 5  and  A-6.  The  300-series  ferrous  alloys  in  the  dry  NTO  test  again 
showed  insignificant  changes.  The  conditions  apparently  were  still  not 
severe  enough  to  affect  these  corrosion  resistent  alloys.  The  440  and 
1018  alloys  showed  weight  gains  winch  are  consistent  with  visual  observa¬ 
tions  (flaky,  discolored  surface  layers).  The  ferrous  alloys  in  the  wet 
NTO  test  showed  significant  weight  losses  in  all  cases.  The  conditions 
were  severe  enough  to  bring  about  a  corrosive  effect.  Except  for  the 
2014  in  the  dry  NTO  test,  all  aluminum  specimens  in  high-tempex’ature  NTO 
tests  exhibited  weight  losses.  Although  not  all  of  these  weight  changes 
were  of  significant  magnitude,  the  direction  of  the  weight  changes  (losses) 
implied  a  corrosive  process  in  action. 

Comments  on  the  surface  condition  of  the  specimens  made  from  the  compar¬ 
ison  of  photomicrographs  of  control  and  exposed  specimens  are  presented 
in  Tables  A-14  through  A-22.  Samples  of  these  photomicrographs  arc  shown 
in  Fig.  A-l  through  A-12.  Because  the  interpretation  of  the  photomicro¬ 
graphs  is  inherently  subjective  in  nature,  observations  were  made  by  two 
people  independently,  and  the  comments  made  arc  a  compilation  of  these 
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observations.  Although  observations  were  made  on  photomicrographs  of  two 
specimens  in  each  phase  (except  for  2024  and  7075  aluminum),  in  Tables  A- 14 
through  A-22,  the  observations  have  been  presented  as  vapor  and  liquid  phase 
comments.  In  almost  all  cases,  the  welded  and  nonv/elded  samples  exhibited 
the  same  effect  in  a  given  phase.  Most  of  the  comments  in  Tables  A-14 
through  A-17  express  minimal  surface  attack  or  no  effect  at  all.  These 
comments  substantiate  the  minor  or  insignificant  corrosion  reflected  by 
the  NTO  tests  discussed  above. 

In  conclusion,  the  results  of  the  NTO  corrosion  tests  are  as  follows.  The 
conditions  in  the  ambient  temperature  test  were  not  severe  enougli  to  show' 
corrosive  action.  Although  no  large  weight  losses  were  evident  (none 
greater  than  1  percent),  the  weight  losses  for  the  aluminum  specimen  in 
the  high-temperature  tests  and  the  ferrous  specimens  its  the  high- temperature 
wet  NTO  test  shoved  a  corrosive  process  in  action.  It  is  anticipated  that 
the  20-month  ambient  tests  will  yield  data  which  will  confirm  the  corrosive 
trend  apparent  in  the  high-temperature  tests. 


Pry  INTO  Tests.  The  results  of  the  dry  INTO  (NTO  *  FNOt))  tests  with  alum¬ 
inum  are  most  promising  in  that  an  obvious  white  passivution  layer  was 
formed  on  all  specimens  for  both  ambient  and  high-temperature  tests  (Fig. 
A-15  through  A-18).  The  ferrous  specimens  showed  no  visible  layers.  The 
only  visible  effect  with  the  ferrous  specimens  was  a  discoloring  of  1018 
carbon  steel  and  440C  stainless  steel  alloys  in  both  the  ambient  and  high- 
temperature  tests.  The  ambient,  aluminum  alloy  test  was  run  twice.  The 
first  time  the  test  was  run,  infrared  analysis  showed  that  there  was  no 
fN0()  present  in  the  bomb  when  it  was  opened,  and  the  passivation  layers 
reacted  while  in  the  glove  bag,  yielding  no  photomicrographs  and  question¬ 
able  weight  changes,  talien  the  test  was  rerun,  the  unloading  was  conducted 
in  a  dry  box  as  discussed  above. 

The  aluminum  alloys  showed  weight  increases  ranging  from  0.7  to  3.6  weight 
percent  (Tables  A-7  through  A-9).  The  layers  on  6o6l  and  Tens  50  appeared 
very  loose  relative  to  the  other  alloys.  The  layers  on  2014  and  2024 
appeared  much  thinner  and  more  adherent  than  those  on  606l  and  Tens  50. 
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The  integrity  of  the  7075  layers  fell  between  that  of  the  6061-Tens  50 
and  the  2014-2024  layers.  Photomicrographs  were  taken  of  the  aluminum 
specimens  from  the  ambient  temperature  test  which  was  rerun.  The  layers 
on  the  specimens  from  the  initial  ambient  test  and  the  high-temperature 
test  reacted  before  photomicrographs  could  be  taken.  The  comments  on 
the  surface  condition  for  the  ambient  test  specimens  (Table  A-ls)  support 
the  observation  that  the  layers  on  2014  and  2024  were  thinner  (and  prob¬ 
ably  more  adherent)  than  those  on  the  other  alloys. 

The  ferrous  alloys  showed  weight  changes  ranging  from  0  to  plus  1.2  per¬ 
cent  (Tables  A-7  and  A-9).  The  304,  316,  and  321  alloys  showed  less  of 
a  weight  gain  than  tiie  other  alloys  in  both  the  ambient  and  high  tempera¬ 
ture  tests.  For  304,  316,  and  321,  the  weight  gains  were  greater  in  the 
ambient  temperature  test  than  the  high-temperature  test.  For  AM  350,  440, 
and  1018,  the  trend  was  reversed.  Observations  of  the  photomicrographs 
(Tables  A-18  and  A- 19)  showed  that  these  weight  increases  were  caused  by 
thin  surface  layers.  These  layers  can  be  attributed  to  either  the  FN0o 
in  solution  or  the  1IF  in  solution  formed  from  the  reaction  of  FN0o  with 
the  water  in  the  N’TO  (dry  XT0  is  not  completely  water-free). 

All  test  bombs  with  dry  INTO  exhibited  a  decrease  in  FN'0()  concentration 
with  time.  The  decrease  was  caused  by  passivation  of  the  test  bomb  and 
samples.  It  is  anticipated  that  during  the  20-month  tests,  the  FN0()  con¬ 
centration  will  he  constant  after  complete  passivation  of  the  bomb  and 
samples  has  occurred.  This  passivation  phenomenon  is  consistent  with  the 
results  obtained  in  t lie  stnrability  tests  discussed  in  n  previous  section 
of  this  report. 

Wet  INTO  Tests.  The  aluminum  specimens  in  wet  INTO  also  formed  white 
passivation  layers  (Fig.  A-19  and  A-20).  The  luyers  on  the  high-teraperntur 
test  specimens  were  much  heavier  than  those  of  the  ambient  temperature  test 
Imperially  in  the  rase  of  the  high-temperature  specimens,  the  layers  on 
2014  and  2024  appeared  much  more  adherent  than  those  on  606l,  Tens  50, 
and  7075.  The  ambient-temperature  ferrous  specimens  showed  no  white  layers 
The  high- temperature  ferrous  specimens  exhibited  light  green  passivation 
layers  in  the  case  of  the  300-serics  alloys  and  grey  layers  in  the  case 
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of  the  440  and  1018  alloys  (Fig.  A-*i).  The  layers  on  304,  316,  and  321 
were  very  thin  compared  to  the  layers  on  AM  350.  Decause  the  high- 
temperature,  dry  INTO,  ferrous  specimens  did  not  passivate  and  the  high- 
temperature,  wet  INTO  specimens  did,  it  appears  that  the  passivation 
layer  on  the  ferrous  alloys  is  not  primarily  due  to  FN0o  but  to  a  reac¬ 
tion  product  of  FN0()  and  water,  HF.  Furthermore,  because  the  ambient- 
temperature  specimens  did  not  passivate  ns  did  the  high-temperature  speci¬ 
mens,  HF  passivation  on  the  ferrous  alloys  is  significant  only  at  high 
temperature  in  a  30-day  test. 

The  ambient  aluminum  alloys  showed  weight  increases  of  0.8  to  4.6  weight 
percent  (Table  A-10).  The  high-temperature  alloys  showed  increases  of 
5.4  to  23.2  weight  percent  ('Table  A-ll).  As  can  be  seen  from  the  range 
of  weight  changes,  the  high-temperature  specimens  did  passivate  much 
more  heavily  than  the  ambient  specimens.  Photomicrographs  were  taken 
for  the  ambient  aluminum  specimens  but  not  for  the  high-temperature  speci¬ 
mens  (layers  reacted  before  pictures  could  be  taken).  Comments  on  these 
photographs  (Table  A-20)  substantiate  the  observed  layers. 

The  ferrous  alloys  showed  weight  increases  of  0.02  to  0.15  weight  percent 
for  the  ambient-temperature  alloys  and  0.35  to  1.71  for  the  high-temperature 
alloys  (Tables  A-10  and  A-ll).  The  304,  316,  and  321  specimens  showed 
less  weight  gain  than  the  other  alloys  in  both  tests.  The  larger  weight 
gains  for  the  high-temperature  test  reflect  the  observed  passivation 
layers.  The  weight  increases  of  the  ambient  test  specimens  are  signifi¬ 
cant  and  reflect  thin  surface  layers.  These  layers  were  observed  on  the 
photomicrographs  ns  tiie  comments  on  the  pictures  confirm  (Tables  A-19  and 
A-20). 


The  decrease  with  tine  of  FNO,,  concentration  was  faster  in  the  vet  INTO 
bombs  than  in  the  dry  INTO  bombs.  FNO,,  had  to  be  replenished  in  3  of 
the  4  tests  before  the  30-dnv  test  period  was  completed.  The  reasons 
for  tins  rapid  dissipation  of  FNO,,  is  that  FNO,,  not  only  oust  passivate 
the  bomb  and  specimens,  but  it  must  also  react  with  the  voter  present. 
Passivation  is  essentially  the  only  reaction  in  the  dry  INTO. 
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Dry  NTO  +  HF  Testa ,  The  high-temperature  tests  exhibited  thin  passiva¬ 
tion  loyers,  whereas  the  ambient  temperature  test  specimens  were  not  sig¬ 
nificantly  affected.  The  aluminum  specimens  exhibited  very  thin,  white 
layers  (Fig.  A-22).  The  ferrous  specimens  showed  very  thin,  light  green, 
passivation  layers  (except  for  440 )  especially  in  the  vapor  phase  (Fig. 
A-23).  The  440  specimens  exhibited  heavy,  cracked  and  peeling,  dark 
colored  layers.  The  layers  on  1018  and  AM  550  were  heavier  than  those  on 
50 4,  316,  and  321.  The  only  three  alloys  of  the  ambient  tests  which  ex¬ 
hibited  obvious  surface  changes  arc  Tens  50  aluminum,  1018  carbon  steel, 
and  MO  stainless  steel.  It  is  significant  that  the  layers  formed  on  the 
aluminum  specimens  are  much  thinner  than  those  formed  on  the  aluminum 
specimens  exposed  to  wet  and  dry  INTO.  It  is  also  noteworthy  that  alumi¬ 
num  did  not  show  a  passivution  layer  in  the  ambient  temperature  test.  In 
a  30-dav  test,  it  appears  that  HF  will  significantly  passivate  aluminum 
and  ferrous  alloys  only  at  elevated  temperature. 

The  ambient-temperature  aluminum  alloys  showed  weight  increases  of  0.04 
to  0.12  percent  (Table  A-12).  The  high-temperature  aluminum  alloys  shoved 
increases  of  1  ,(»7  to  3.50  weight  percent  (Table  A-13),  a  marked  increase 
over  the  ambient  changes  due  to  the  greater  passivation.  It  is  noteworthy 
that  in  the  high- temperature  test,  2014  and  2024  shoved  the  smallest  per¬ 
cent  weight  gains.  This  implies  thinner  (and  perhaps  more  adherent) 
layers  than  those  on  the  other  alloys  as  was  the  case  in  the  INTO  solutions. 
Comments  on  t he  surface  condition  (Tables  A— If  I  and  A-22)  verify  the  much 
lesser  affect  of  the  solution  on  the  2014  and  2024  alloys.  It  should  be 
noted  that  the  reported  weight  gains  reflect  the  slight  layers  observed 
on  the  ambient  aluminum  specimens  (Table  A-21). 

The  ambient  ferrous  alloys  showed  weight  gains  of  0.03  to  0.22  percent 
(Table  A-12).  The  high-temperature  ulloys  exhibited  0.1b  to  1.08  percent 
weight  gains  (Table  A-13).  Again,  the  heavier  weights  for  the  high- 
temperature  test  reflect  the  heavier  passivation  layer.  The  304,  316, 
anti  321  alloys  shoved  the  smallest  weight  gains  in  both  tests  n-‘  was  the 
case  in  the  INTO  solutions.  The  comments  on  surface  conditions  (Tables 
A-21  and  A-22)  are  in  accordance  with  the  visual  observations  and  weight 
changes. 


Conclusions  and  Recommendations 


The  conclusions  made  belov  are  based  on  30-day  attfcicnt  and  high-temperature 
(70  C)  tests.  It  is  assumed  that  the  results  of  the  20-month  tests  will 
not  conflict  with  the  data  already  obtained.  The  significant  results  are 
as  follows: 

1.  Wet  NTO  will  corrode  aluminum  and  ferrous  alloys  at  elevated 
temperature. 

2.  FN0o  will  passivate  aluminum  alloys  at  ambient  and  at  elevated 
temperature. 

3.  HF  will  passivate  both  aluminum  and  ferrous  alloys  but  only  sig¬ 
nificantly  (visually  apparent)  at  elevated  temperatures. 

4.  FN0o  does  not  significantly  passivate  ferrous  alloys. 

5.  Passivation  layers  on  aluminum  are  much  heavier  with  FNO^  than 
with  HF 

It  was  apparent  that  certain  aluminum  alloys  and  certain  ferrous  alloys 
withstand  far  better  than  the  1018  carbon  steel,  440C  stainless  steel, 
and  the  AM350  SCT  alloys.  Wherever  corrosion  was  evident,  the  30J-series 
stainless  steels  shoved  smaller  weight  losses,  hence,  less  attack  than  the 
other  alloys.  Wherever  passivation  was  evident,  the  300-series  stainless 
steels  shoved,  in  general,  smaller  weight  gains  (thinner  and  probably  more 
adherent  layers)  than  the  other  alloys.  The  1018  carbon  steel  and  440C 
stainless  steel  exhibited  highly  undesirable  surface  conditions  in  certain 
cases;  e.g.,  high-temperature,  dry  NTO  +  HF  test. 

Considering  the  aluminum  alloys,  the  2014  and  2024  alloys  appeared  to  be 
more  desirable  than  the  other  whenever  passivation  was  evident.  The  lay¬ 
ers  on  2014  and  2024  appeared  much  thinner  and  much  more  adherent  than 
those  on  the  other  alloys.  The  layers  on  6061  and  Tans  30  often  exhibited 
u  powdery  or  flaky  texture  which  would  be  undesirable  for  use  in  a  system. 
Although  the  layers  on  7073  aluminum  were  not  quite  as  loose  as  those  on 
Gobi  and  Tens  70,  the  alloy  did  not  appear  to  be  as  desirable  as  either 


This  study  is  comparative  and,  lienee,  subjective  in  nature.  The  comments 
made  above  are  based  ou  overall  impressions  and  averages.  Individual 
specimens  could  be  found  which  would  contradict  the  conclusions  draw, 

It  should  also  be  noted  that  the  alloys  which  appeared  most  desirable 
are  only  the  most  desirable  of  the  ones  tested.  To  judge  which  alloys 
would  work  best  with  INTO,  a  much  larger  number  of  alloys  would  have  to 
be  tested.  Before  any  INTO  system  is  made  operational,  the  particular 
alloys  to  be  used  must  be  tested  in  a  study  similar  to  the  one  conducted. 


GALVANIC  CORROSION 

Summary 

System  compatibility  is  dependent  on  factors  beyond  the  simple  corrosive 
effects  of  the  propellant  on  the  individual  materials  of  construction. 

One  ol  the  most  important  interactions  is  galvanic  corrosion  between  dis¬ 
similar  metals  exposed  to  the  propellant.  While  there  is  no  exact  cor¬ 
relation  between  conductivity  and  galvanic  corrosion,  the  data  obtained 
here  will  help  determine  the  necessity  of  later  direct  studies,  because 
more  conductive  solutions  have  a  larger  tendency  to  exhibit  this  type  of 
corrosion  phenomenon. 


Experimental 

The  electrical  conductivity  of  the  following  seven  propellant  mixtures 
have  been  measured. 

12 

Conductivity  x  10 


Composition  _ ohm  *  ca> 

Dry  NTO  (S).01  weight  percent  H„0)  7 

Dry  NTO  ♦  F^XO  (2.0  weight  percent)  15 

Dry  NTO  +  IIF  (0.3  weight  percent)  3 

Wet  NTO  (>0.1  weight  percent  11., 0)  9 

«■ 

Wet  NTO  F^N'O  (2.0  weight  percent)  4 

Dry  NTO  *  FS0„  ("»  weight  percent)  40 

Wet  NTO  -*■  F\0„  (5  weight  percent)  54 
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The  electrical  conductivities  vere  measured  by  a  technique  used  previously 
for  chlorine  pentaf luoride  (Ref.  l).  A  Kel-F  conductivity  cell,  equipped 
with  nickel  electrodes  was  used.  An  impedance  bridge,  which  measures  a 
simple  equivalent  circuit  (a  resistor  and  a  capacitor  in  series),  was  used 
to  measure  the  series  impedance  and  the  a-c  resistance  at  1  kilocycle  of 
the  cell  containing  the  propellant.  From  such  measurements  and  the  physical 
dimensions  of  the  cell,  the  conductivities  of  the  fluids  were  calculated. 

The  conductivity  cell  was  preconditioned  by  soaking  with  propellant  grade 
NTO .  A  Fluke  Model  710B  Impedance  Bridge  (accuracy  ±0.1  percent)  was  used 
to  muke  the  a-c  (1000  cycles)  resistance  measurements.  To  improve  bridge 
sensitivity,  cell  capacitance  was  balanced  by  the  addition  of  external 
capacitors.  The  maximum  resistance  which  ran  be  measured  directly  by  the 
bridge  is  11  megohms.  Because  the  resistance  of  the  cell  exceeded  this 
value  for  all  three  measurements,  the  cell  resistance  was  found  by  measur¬ 
ing  the  decrease  in  resistance  of  a  9-56  megohm  (a-c  resistance)  restrictor 
when  shunted  by  the  cell.  This  method  becomes  less  precise  at  very  high 
cell  resistances. 

For  example,  for  a  cell  resistance  of  1000  megohms,  the  precision  is  *10 

percent.  With  measurements  of  exceedingly  low  conductivities,  it  is  very 

difficult  to  achieve  reproducibility  to  better  than  an  order  of  magnitude. 

Addison,  et  al.  measurements  on  NTO  (Ref.  2),  which  vere  carried  out  with 

d-c  rather  than  a-c  circuitry,  were  fairly  precise  electrically,  but  the 

reproducibility  from  sample  to  sample  was  not  precise.  Conductivities 
_1*»  _in  _  i  _  1 

varied  from  1  x  10  to  8  x  10  ~  ohm  cm  Their  method  of  NTO  pre¬ 

paration,  the  thermal  decomposition  of  n>(N0^)o  followed  by  drying  over 
P.,0.,  should  hove  been  capable  of  yielding  very  high  quality  NTO. 

It  was  considered  unn«cesary  to  equip  the  conductivity  cell  with  a  thermo¬ 
stat  because  the  temperature  coefficient  of  conductivity  of  NTO  was  not 

great  enough  to  significantly  affect  the  measurements.  For  example, 

-12  -I  -1 

experimental  conductivities  found  by  Addison  were  1.71  i  10  ohm  cm 
at  H.6  C  and  2.24  x  10'12  at  20.4  C. 
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A  cell  constant  of  O.OO96  cm  vas  calculated  by  measuring  the  conductivity 
of  a  0.010  N  KC1  solution  and  using  a  value  for  its  specific  conductivity 
of  O.OOI36  ohm”1  cm”1  (lief.  3). 


Conclusions 


Because  of  the  low  conductivities  measured  for  the  INTO  solutions,  it  is 
not  anticipated  that  galvanic  corrosion  will  be  more  of  a  problem  with 
INTO  than  it  is  with  NTO. 


CORROSIVE  EFFECTS  OF  FLOWING  INTO 


Summary 


The  study  to  determine  the  corrosive  effects  of  static  and  flowing  inhibited 
nitrogen  tetroxide  on  typical  Rocketdyne  Small  Engines  Division(SEI))pro- 
pellant  valves  has  been  completed.  The  SED  propellant  valves  used  for  the 
study  were  Gemini-type  capsule  2  and  3  design.  The  test  sequence  was  a 
combination  of  dynamic  and  static  conditions. 

The  valves  were  exposed  to  the  inhibited  nitrogen  tetroxide  for  a  14-day 
test  period  at  ambient  temperatures,  and  during  the  test  period  the  valves 
were  cycled  daily.  The  daily  cycle  served  first  as  a  check  to  see  if  the 
valves  were  operational,  and  to  allov  fresh  propellant  from  the  reservoir 
to  flow  into  and  through  the  valves.  Pre-  and  post-valve  functional  test 
were  performed.  A  posttest  disassembly  and  inspection  of  the  valves  vas 
conducted,  as  well  ns  pre-  and  post-analysis  of  the  propellant.  Wet  and 
dry  nitrogen  tetroxide  with  the  inhibitor  (FNOg)  were  tested. 


Test  Procedure 

Four  propellant  valves,  Gemini-type  capsule  2  and  3  design,  were  selected 

as  being  typical  of  SFD  hardware.  These  were  two  25-pound  thrust  and 

two  100-pound  thrust  valves  (Fifi.  B-l  through  B-4).  These  particular  valves 
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vere  previously  research  and  development  valves  that  were  assembled  for 
a  controlled  decontamination  study,  but  were  never  used. 

The  selected  valves  contained  typical  fabrication  materials,  close- 
tolerance  clearances,  and  had  proved  their  design  in  prior  compatibility 
testing  with  Military  Specification  nitrogen  tetroxide.  Prior  to  testing, 
the  selected  propellant  valves  were  precision  cleaned  (llocketdync  level  4  ) 
and  were  functionally  tested,  reflushed  with  freon  TF,  and  packaged  for 
testing. 

The  experi mental  setup  for  the  compatibility  test  was  constructed  of  stain¬ 
less  steel  as  shown  in  Fig.  B-5  and  lV-(>.  Each  component  of  tlie  system  (tan 
lines,  hand  valves,  etc.)  was  precision  cleaned  in  the  same  manner  as  the 
valves.  After  assembly  of  the  experimental  setup,  and  prior  to  installa¬ 
tion  of  the  propellant  valves,  the  system  was  flushed  with  freon  TF  to 
ensure  that  the  system  had  not  been  contaminated  during  assembly.  Wien 
the  cleanliness  of  the  system  had  been  reassured,  the  propellant  valves 
were  installed  and  tested  as  follows. 

Two  of  the  four  valves  (i.e.,  one  25-pound  thrust  valve  and  one  100-pound 
thrust  valve,  identified  as  No.  1  and  2)  were  exposed  to  Military  Specifi¬ 
cation  NTO  with  inhibitor  added.  The  remaining  two  valves  (one  25-pound 
thrust  valve  and  one  100-pound  thrust  valve)  identified  as  No.  3  and  4 
vere  exposed  to  NT'O  with  water  equivalent  in  excess  of  Military  Specifica¬ 
tion  plus  the  inhibitor. 

The  propellant  reservoir  tanks  were  removed  from  the  system  and  loaded 
with  propellant.  After  the  tanks  were  filled,  they  were  assembled  into 
the  test  system.  The  pretest  and  posttest  analysis  of  the  propellant  is 
shown  in  Table  B-l. 

During  the  14-day  test  period,  the  valves  vere  actuated  once  a  day.  Pro¬ 
pellant  was  observed  being  expelled  during  each  actuation,  ensuring  that 
the  valves  vere  operational.  Observation  of  the  propellant  was  made  by 
watching  the  vent  port  of  the  propellant  catch  tank  as  shown  in  Fig.  B-5. 
Valve  actuation  was  done  with  a  power  supply  capable  of  delivering  26vdc. 
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Throughout  (he  14 -day  test  period,  no  additional  propellant  was  required 
other  than  that  stored  in  the  test  system  reservoirs. 


Upon  completion  of  the  prescribed  test  period,  the  subject  valves  were  re¬ 
moved  from  the  eve ri mental  setup,  decontaminated,  and  packaged  for  further 
testing.  Decontamination  of  the  propellant  valves  was  accomplished  only 
with  gaseous  nitrogen  purges  so  as  not  to  disturb  or  remove  any  film  or 
reaction  products  prior  to  poattest  functional  testing  and  subsequent 
disassembly. 

Test  Results 

All  four  propellant  valves  successfully  completed  the  prescribed  tost  con¬ 
ditions.  The  pre-  and  post-functional  data  show  that  there  was  not  de¬ 
terioration  of  the  valves  caused  by  the  inhibitor  (FNO^)  added  to  the 
nitrogen  tetroxide  (Table  D-2).  Examination  of  the  hardware  with  the  un¬ 
aided  eye  and  at  10,  15,  and  45  diameters,  showed  a  coating  on  all  the 
metal  surfaces  of  a  white  to  pale  green  color,  most  probably  iron  fluo- 
ide  (Table  B-3).  There  was  no  deterioration  of  the  base  material  of  tne 
propellant  valves. 

Conclusions 

1.  All  four  Gemini -type  propellant  valves  were  operational  at  the 
end  of  the  14-day  dynamic/ static  exposure  to  inhibited  nitrogen 
tetroxide. 

2.  Pre-  and  post-functional  tests  of  the  four  Geraini-type  propellant 
valve  showed  no  significant  changes  (Table  B-2). 

3.  No  deterioration  of  the  materials  of  construction  was  observed 
(Fig.  B-3  and  B-4). 

4.  A  nearly  uniform  white  to  pale  green  coating  was  observed  on  all 
internal  surfaces  of  the  propellant  valves  at  the  conclusion  of 
the  tests. 
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5.  Inhibited  nitrogen  tetroxide  is  compatible  with  the  SH)  solenoid 
valves  tested  on  this  program. 


TRANSFER  EFFECTS 

Summary 

If  INTO  is  to  be  developed  into  a  field  operational  propellant,  it  will 
bo  necessary  to  make  the  INTO,  transfer  it  into  a  shipping  container,  then 
to  a  storage  tank,  and  finally  into  a  motor  while  still  maintaining  its 
integrity.  Determining  the  effects  of  transferring  INTO  was  thus  of  prime 
importance. 


Experimental 

INTO  has  been  transfered  from  a  1-liter  jO't  stainless  steel  Hoke  cylinder 
into  corrosion  test  bombs  and  storability  bombs  over  25  times.  Analysis 
was  performed  of  samples  of  the  liquid  phase  of  the  INTO  in  the  nolte 
cylinder  and  in  the  bombs  loaded  from  the  cylinder.  When  the  bombs  being 
loaded  were  prepassivated,  no  significant  change  in  FNO^  content  was  noted. 
When  the  bombs  were  not  prepassivated,  the  FNOg  content  dropped  until 
passivation  occurred.  There  was  also  some  drop  in  FNO^  content  of  the 
liquid  INTO  when  there  was  a  significant  ullage  remaining  in  the  bombs 
after  loading,  because  the  FNOg  is  enriched  in  the  ullage. 


Conclusions 


It  is  possible  to  transfer  INTO  without  significantly  decreasing  it3  FN0o 
content.  From  a  practical  consideration,  it  would  7 e  best  to  prepassivatp 
containers  into  which  INTO  is  to  be  loaded  and  to  attempt  to  leave  as  little 
ullage  os  possible.  Prepassivation  could  best  be  accomplished  by  loading 
with  a  small  quantity  of  INTO  and  then  venting  this  small  portion. 
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RECLAMATION 


Ten  samples  of  out-of-specification  NTO  have  been  reclaimed  by  the  addition 
of  fluorine  oxidizers.  F^NO  has  been  used  to  reclaim  NTO  containing  as 
■Rich  as  0.22  weight  percent  HgO.  FNOg  has  been  used  to  reclaim  NTO  con¬ 
taining  as  much  as  0.24  weight  percent  Ho0.  FNOg  formed  in  situ  by  the 
addition  of  fluorine  has  been  used  to  reclaim  NTO  containing  as  much  as 
0.19  weight  percent  J^O.  The  original  water  contents  were  determined  by 
nuclear  magnetic  resonance  and  Turner  bulb  techniques,  and  the  final 
water  contents  were  determined  with  glass  and  aluminum  Turner  bulb  apparati. 
The  final  water  contents  were  in  the  range  of  0.02  to  0.04  weight  percent. 

It  is  probable  that  the  final  values  obtained  are  not  zero  only  because  of 
reaction  of  HF  or  IN0o  with  the  apparati. 

FIELD  PREPARATION  OF  INTO 

Summary 

One  of  the  most  promising  aspects  of  using  INOg  as  an  additive  in  NTO  has 
been  the  possibility  of  forming  FNOg  in  the  field  by  the  reaction  of  Fg 
with  NTO.  This  possibility  has  l*fen  investigated  on  a  bench  scale  with 
complete  success.  No  major  difficulties  are  anticipated  in  further  scal¬ 
ing  up  the  operation. 


EXPIRI  MENTAL 

A  1-liter  passivated  Hoke  cylinder  was  loaded  with  1120  grams  (750  C)  of 
liquid  N0G^.  Provisions  were  made  for  the  withdrawl  of  liquid  samples  and 
of  samples  of  the  gas  above  the  liquid  as  well  as  measurements  of  pressure 
(Matheson  SS  gage  23533-0  and  temperature  (Tem-Tron  thermocouple  U-T2) 
changes  (Fig.  3  ).  The  gaseous  fluorine  was  stored  in  a  500-cc  Hoke 
cylinder  reservoir  at  50  to  60  psig  and  was  bubbled  through  the  liquid 
No0^  in  small  increments  by  means  of  the  pressure  differential.  The  de¬ 
tails  of  the  addition  are  summarized  in  Table  6. 
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Figure  3.  Field  Preparation  of  INTO 


OF  FLUORINE  ADDITION  DATA 


Throughout  the  whole  experiment  the  reaction  vessel  was  agitated  inter¬ 
mittently  to  insure  thorough  mixing  and  reaction.  The  only  warming  ob¬ 
served  was  when  the  Ff>  was  passed  through  rapidly  during  steps  No.  V,  VI, 
and  VIII.  An  overall  3  C  temperature  rise,  corresponding  to  the  chatige 
in  ambient  temperature  during  the  experiment,  was  noted.  The  heating  was 
only  observed  at  tiie  top  of  the  reaction  vessel  above  the  liquid  phase. 

The  thermocouple  did  not  show  any  temperature  rise  in  the  liquid  phase. 
Infrared  sampling  indicated  that  some  FNO  \>ns  also  formed,  towards  the 
qnd  of  the  experiment.  A  total  of  approximately  17  grams  of  F0  was  passed 
through  or  into  the  liquid  N\,0^ .  At  the  end  of  the  addition  infrared  ana¬ 
lysis  of  the  liquid  phase  by  expansion  of  a  portion  01  the  liquid  into  an 
infrared  cell  indicated  the  presence  2.9  mole  percent  FNOg. 


Cone lus ions 


The  experiment  showed  that  approximately  8.3  of  the  17  grams  of  fluorine 
added  were  used  either  to  completely  passivate  the  system  und  to  react 
with  any  moisture  in  the  No0;^  itself  or  were  vented  during  the  addition. 
The  procedure  adapted  near  the  end  of  the  experiment  showed  that  n  fairly 
rapid  addition  of  fluorine  to  nitrogen  tetroxide  could  be  made  without 
excessive  heat  resulting.  Occasional  venting  ranv  be  desired  to  remove 
small  amounts  of  oxygen  funned  from  the  reaction  oT  fluorine  or  FN0o  with 
any  water  present  in  the  NTO. 


VAPOR  niKSSURK  AND  SOUTH  l.ITY 

Apparatus  Csed 

The  apparatus  used  for  the  vapor  pressure  measurements  consisted  of  a  10- 
milliliter  stainless  steel  Hoke  cylinder  equipped  with  a  pressure  trans¬ 
ducer  and  an  internal  thermocouple  sheathed  in  stainless  steel.  For 
measurements  above  room  temperature,  the  pressure  transducer  and  the  ullage 
associated  with  it  were  varied  to  about  3  C  higher  than  the  liquid  by 
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heating  tape*.  The  total  voluae  of  the  apparatus  was  16.5  milliliters, 
and  the  ullage  averaged  about  11  milliliters.  A  fuller  description  of 
the  equipment  nay  be  found  in  Bef.  4. 


Vapor  Pressure  of  FNOg 


All  references  in  the  literature  to  values  of  the  vapor  pressure  of  FN0o 
stea  froa  the  aeasureaents  Bade  in  1932  by  0.  Ruff  (Ref.  5).  wherein  he 
measured  its  vapor  pressure  froa  -153  to  -72.8  C  in  a  quartz  apparatus. 
Although  reasonable  agreement  has  been  found  with  the  literature  values 
in  the  -70  C  and  below  range,  at  rooa  temperature  and  above  actual  measured 
vapor  pressure  was  twice  that  predicted  by  the  equation  in  Ref.  5 .  This 
result  is  not  surprising  in  view  of  the  narrow  range  of  temperatures  used 
in  the  older  work. 

In  this  work,  the  FNO^  vas  handled  in  a  monel  and  Teflon  high-vocuua  line 
which  had  the  vapor  pressure  aeasuring  apparatus  affixed  to  it.  The  whole 
system  was  passivated  with  fluorine  gas  and  with  FNO  itself.  The  FNO 
used  in  the  aeasureaents  was  passed  through  a  -126  C  trap,  where  oil  of 
the  isqrarities.  were  condensed  and  the  purified  compound  was  collected  in 
a  -196  trap.  Its  purity  vas  tested  by  examination  of  its  vapor  pressure 
at  -80  C,  which  was  540  sn  (Ref.  5  reports  528  an),  and  by  ascertaining 
that  it  was  tensioaetrically  homogeneous  (i.e.,  wheu  the  free  space  above 
the  liquid  was  doubled,  the  vapor  pressure  remained  constant).  The  puri¬ 
fied  FNO,,  was  looded  into  the  aeasuring  equipment  by  vacuua  transfer  and 

a* 

condensation  at  -196  C.  During  the  course  of  the  aeasureaents,  the  vapor 

pressure  of  the  FNO,,  was  periodically  checked  at  -80  C  to  ascertain  its 

•» 

purity.  All  mensureaents  reported  are  an  average  of  several  independent 
determinations  employing  two  different  batches  of  FN0o  purified  in  the 
Banner  described  above.  A  vapor  pressure  equation  was  obtained  from  the 
data  using  the  aethed  of  least  squares.  The  following  equation  vas 
obtained: 


4729 


918.93 

T 
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where 


p  3  pressure  in  an/llg 
T  ^  temperature  in  degrees  Kelvin 

Physical  constants  derivable  from  this  equation  are:  boiling  point,  -71.1 
C  (-72.*  in  ilef.  3);  AHy,  *.20  kcal/mole;  Troutcn's  constant,  21.0. 


Vapor  Pressure  of  FNOg 
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The  vapor  pressure  of  FNO^  at  temperatures  higher  than  25  C  was  not  measured 
because  of  the  limited  pressure  rating  if  the  valves  employed  in  the 
equipment. 


Vapor  Pressure  of  FN0o  and  No0^  Mixtures 


Essentially  the  same  procedures  and  precautions  were  taken  in  the  measure¬ 
ments  of  the  vapor  pressure  of  FN0o  and  N,,0^  mixtures,  as  were  described 
for  the  case  of  pure  FS0o.  The  Nn0^  was  distilled  into  the  apparatus, 
and  the  amount  added  determined  by  weight  difference.  The  F\0o  was  dis- 
tilled  in,  and  tlie  amount  added  was  determined  by  measuring  the  pressure 
and  volume  of  the  gas.  The  stainless  steel  equipment  was  not  completely 
passivated  with  solutions  of  Rt’0o  in  N.,0^.  The  rate  of  attack  of  the 
cixture  on  the  walls  of  the  equipment  was  slow  at  0  C,  intermediate  at 
25  r.  and  at  50  C  small  quantities  of  noncondensable  gases  were  always 
formed  during  n  measurement.  To  obtain  meaningful  results,  the  measure¬ 
ments  at  50  t  were  corrected  for  the  amount  of  noncondensable  gases 


present,  determined  by  cooling  the  apparatus  to  -196  C  inoediatcly  after 
a  measurement,  fri  this  way,  consistent  results  could  be  obtained  from 
different  runs;  nevertheless, the  accuracy  of  measurements  at  50  C  are  con¬ 
sidered  to  be  of  the  order  of  10  percent. 


A  further  correction  was  mode  for  the  concentration  of  FN0f)  in  the  liquid 
phase,  taking  into  account  the  fact  that  the  FN0a),  because  of  its  greater 
volatility,  would  be  present  in  higher  concentrations  in  the  gas  phase. 

A  computer  program  developed  at  Rocketdyne  (Ref.  4)  was  employed  to  moke 
this  correctidn.  The  results  are  presented  in  Fig.  4  ,  5  ,  and  (>  . 

It  will  be  seen  that  the  solution  is;  close  to  ideal.  The  ideal  and  ex¬ 
perimental  curves  at  50  C  do  not  meet  as  the  concentration  approaches 

zero  due  to  the  reaction  of  i-N’Q,,  with  the  equipment.  Henry’s  law  constants 
for  were  obtained  at  tlic  temperatures  0,  25,  and  50  0,  and  in  concen¬ 

trations  ranging  from  0.')7  to  4.72  percent  (by  weight).  Utilizing  the 
expression  k  1’,^  ,  where  is  the  mole  fraction  of  FN0o  in 

the  N.,0^  solution  and  »»  the  partial  pressure  of  FN0o,  k’s  were  ob¬ 

tained  equal  to  7-i  *  10*3  mm“*  at  O  C,  0.1  x  10  on-*  at  25  C  and  6.0  x 
10  1  ce-*  at  40  C.  The  average  error  of  the  k's  obtained  was  tO.b  x  10-1 


-1 


ub  ,  standard  deviation 

w”1 


-0.8  x  10 


-) 


-i 


,  and  probable  error  =  i0.5 


im:i/iM.  point  oithimi  nation 

Hie  some  apparatus  was  used  for  the  freezing  point  determination  as  was 
employed  for  the  vapor  pressure  measurements.  The  act  tin;,  point  was  de¬ 
termined  In  the  reverse  of  the  cooling  curve  method.  The  aatcnai  was 
frozen  at  -1*H»,  and  the  temperature  was  measured  ever-,  uinutc  froo  -140 
to  0  (  with  the  thermocouple  sheathed  in  siniuless  steel  and  immersed  in 
the  frozen  mass.  When  this  method  was  employed  with  X.,0^ .  a  melting  point 
of  -ll.h  was  Tound.  which  compared  well  with  the  literature  value  oi 
-11.2  Otef.  ti). 

i  mixture  of  IMl,,  and  \,u^  was  prepared,  whose  nominal  com;>os  1 1 1 on  was 
percent  by  vrtghl.  The  composition  corrected  for  the  in  the 

vapor  pii.i;-e  was  4.72  percent,  .ual  it.-  ex'!  ting  point  determined  by  liie  same 

v. 


i 

|  Kifurr  1.  Vapor  Prwiorf*  of  XTO-FNO,,  Solution*.  25  C 


i 

I  * 
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method  as  used  for  No0^.  A  good  plateau  was  not  found  in  the  plot  of 
temperature  vs  time;  a  plot  of  the  first  differential  of  the  data  gave  a 
melting  point  for  the  mixture  of  -12.0  C.  has  e.  molar  freezing  point 

depression  constant  of  3.6  C/mole  additi ve/lOOO  gms  of  solvent.  Hence,  a 
freezing  point  depression  of  2.6  C  would  be  expected  for  a  h. 72  weight 
percent  solution.  It  is  considered  that  with  the  present  apparatus  this 
is  the  best  result  that  can  be  obtained;  for  higher  precision  n  truly 
passive  apparatus  is  needed  in  which  the  mixture  can  be  continually  and 
thoroughly  mixed  as  the  freezing  point  is  approached. 
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PI!ASF  II:  ANALYTICAL  STUDIES 

SUMMARY 

To  successfully  and  meaningfully  conduct  the  engine  evaluation  of  Pliase  I, 
it  was  necessary  to  develop  analytical  chemical  methods  for  the  complete 
analysis  of  NTO,  F^O,  FNO,  NTO  +  F^NO,  and  NTO  +  IN0o.  No  single 
chemical  technique  is  available  which  will  successfully  analyze  all  of 
these  compc  ids;  therefore,  a  combination  of  methods  was  required  for  a 
complete  analysis.  The  procedures  that  were  developed  are  described 
immediately  infra. 

EXPERIMENTAL 

Nuclear  Magnetic  Resonance 

The  n.m.r.  method  for  the  determination  of  protons  in  NTO  (Ref.  7  )  has 

been  used  to  check  the  water  equivalent  of  the  NTO  samples  used  in  Phase 
19 

I.  F  n.m.r.  has  been  used  to  confirm  the  formation  of  FN0o  by  the  re¬ 
action  between  F0  and  NTO,  and  the  formation  of  HF  by  the  reactions  of 
F^NO  and  FN0Q  with  the  HNO^  present  in  NTO. 


Infrared 


The  thermal  stability  of  NTO  +  F^NO  was  followed  mainly  by  IR  analysis, 
and  the  results  are  given  elsewhere  in  this  report.  A  calibration  for 
FN0o  in  NTO  has  been  obtained  in  tire  infrared  region  by  using  the  intensity 
of  the  12. 18-micron  band  of  FN0o  as  a  quantitative  measure  of  the  FN0o 
content.  The  calibration  curve  is  shewn  in  Fig.  7.  This  method  was 
used  to  show  that  the  reaction  of  FQ  and  NTO  did  produce  FN0o  in  suffi- 

•“  tm 

cient  quantity  to  yield  INTO.  A  spectrum  of  NTO  +  FN0o  is  shown  in 
Fig.  8.  Figure  9  shows  the  calibration  curve  for  the  2.51-micron  band 
of  HF  that  is  used  to  determine  the  IQ-1  formed  when  a  fluorine  oxidizer 
is  added  to  NTO  containing  some  water. 
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Figure  7.  Spectrophotometer  Calibration  Curve  for  FNO  in  N~0 


Figure  9-  Spectrophotometer  Calibration  Curve  for 


Gas  Chromatograph 


There  have  been  many  unsuccessful  attempts  over  the  past  decade  to  analyze 
nitrogen  oxides  by  gas  chromatographic  methods  (Ref.  8  and  9).  These 
attempts  have  been  made  with  both  gas/liquid  and  gas/solid  columns. 

The  use  of  gas/liquid  chromatography,  which  utilizes  an  organic  substrate 
to  achieve  separation,  was  precluded  by  the  extreme  reactivity  of  NTO, 
which  will  react  with  almost  any  organic  substrate  used  in  chromatography. 
Conventional  gas/solid  chromatography  uses  materials  such  as  silica  gel, 
molecular  sieve,  alumina,  etc.,  to  achieve  separation  by  surface  adsorp¬ 
tion.  However,  most  of  the  materials  mentioned  exhibit  a  high  degree  of 
polarity.  Attempts  to  analyze  nitrogen  oxides  using  such  materials  re¬ 
sulted  in  broadtailing  peaks,  which  precluded  the  possibility  of  using 
this  approach  as  a  basis  for  a  quantitative  analytical  technique. 

During  this  program,  a  gas  chromatographic  technique  was  developed  that 
will  successfully  analyze  F^NO,  NTO,  and  INTO  samples  for  F^NO,  N0Q,  NgO, 
NO,  0^,  and  N^„  The  method  consists  of  trapping  the  NO^  (and  possibly 
any  HF,  No0,  or  C0o)  at  -80  or  -126  C  on  an  AIF^  column,  passing  the  re¬ 
maining  gas  mixture  over  either  a  4-percent  halocarbon  wax  on  porous 
glass  or  a  Linde  Sieve  5A  column,  and  then  into  a  thermal  conductivity 
detector.  The  NO()-containing  AIF^  column  then  is  warmed  to  ambient  tem¬ 
perature  and  the  evolved  gas  is  passed  directly  through  the  same  detector. 
Using  the  halocarbon  wax  on  poi’ous  glass  column,  NO  +  0o  +  N^,  F^O,  NQ) 
(if  in  high  enough  concentrations),  and  NOg  can  be  determined.  F^NO, 

°o>  No’  N0’  ana  can  deternined  by  using  the  Linde  Sieve  5A  column. 
For  a  complete  analysis,  two  samples  must  be  run,  one  with  each  column. 

An  interesting  aspect  of  the  gas  chromotographic  analysis  of  NTO  is  that 
NO  will  pass  through  the  -80  or  -126  C  trap  rather  than  being  retained 
as  N.,0...  The  NO  passes  through  the  trap  because  at  the  sample  pressure 
used  (200  mm),  the  NO  +  NO,,1*  NQ0  equilibrium  lies  far  to  the  left 

and,  when  the  mixture  is  passed  through  the  trap,  its  residence  time  is 
insufficient  foi  the  equilibrium  to  shift  to  the  right.  This  was  checked 


by  determining  chromatographies lly  the  NO  content  of  two  samples  of  NgO^ 
containing  0.57  -0.05  weight  percent  NO  (as  determined  by  the  proposed 
NASA  procurement  specification,  PH)-2).  The  NO  contents  found  chromato- 
graphically  were  0.59  and  0.6l  weight  percent. 


Water  Equivalency 

The  most  straightforward  method  of  ascertaining  the  efficiency  of  drying 
NTO  by  adding  a  fluorine  oxidizer  would  be  to  measure  the  water  equiv¬ 
alency  of  a  portion  of  an  NTO  sample  by  a  standard  military  specification 
procedure  and  to  similarly  measure  the  water  equivalency  of  a  second 
portion  of  the  same  NTO  sample  to  which  a  fluorine  oxidizer  had  been 
added.  Unfortunately,  the  HF  formed  by  the  reaction  of  a  fluorine  oxidizer 
with  wet  NTO  reacts  with  the  glass  window  of  the  phase  separation  Military 
Specification  apparatus.  This  reactivity  precludes  using  that  equipment. 
Instead,  it  has  been  necessary  to  fabricate  of  an  unreactive  material  an 
approximate  copy  of  the  Turner  bulb  apparatus  formerly  called  out  ns  a 
military  specification. 

An  aluminum  flask  tins  been  constructed  for  the  purpose  of  obtaining  water 
equivalent  data  from  samples  of  INTO.  The  flask  is  shown  in  Fig.  10  . 

High  purity  aluminum  1100  and  aluminum  3003-0  were  chosen  for  construction 
materials  because  of  their  weldability  and  corrosion  resistivity.  The 
total  weight  of  the  flask  is  about  70  grams.  Passivation  of  the  aluminum 
container  was  accomplished  by  exposing  it  to  50-percent  HF  for  1  week 
ana  to  No0^  for  1-week,  Water  contents  of  NQ0^  determined  with  this 
apparatus  agreed  to  within  0.01  weight  percent  with  those  determined  with 
a  glass  Turner  bulb  apparatus. 
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Mass  spectronetric  analysis  was  used  to  check  the  purity  of  F^W).  Tlie 
analysis  revealed  F^NO  (90. 8  percent),  0o  ('1.7  percent),  N0o  (2.3  percent), 
No0  (l.l  percent),  and  C0o  (0.9  percent).  This  was  in  substantial  agree¬ 
ment  with  the  gas  chrosntographic  results.  Mass  spectoroetry  is  tot  ex¬ 
pected  to  be  useful  for  the  analysis  of  INTO  since  the  M/E  -  30  peak  is 
comon  to  too  many  of  the  constituents. 


SUMMARY 


PHASE  I:  ENGINEERING  EVALUATION 

INTO  has  been  evaluated  to  determine  its  storability,  its  corrosive  effects 
upon  typical  materials  of  construction,  its  transferability,  and  its  pos¬ 
sible  field  preparation.  In  addition,  its  vapor  pressure,  freezing  point, 
and  conductivity  have  been  deterained. 

It  has  been  found  that  INTO  is  storable  at  70  C  in  stainless  steel,  alum¬ 
inum,  and  nickel  containers  vith  no  apparent  change  in  composition  for  at 
least  6  months.  Therefore,  storage  in  containers  made  of  any  of  these 
materials  should  be  feasible. 

Thirty-day  studies  have  been  completed  at  ambient  temperature  and  at  70  C 
of  corrosim  of  iron  and  aluminum  alloys  exposed  to  INTO  and  NTO.  Twenty- 
month  studies  of  corrosion  of  these  alloys  at  ambient  temperature  are  now 
in  progress.  On  the  assumption  that  the  results  of  the  20-month  tests 
will  not  conflict  vith  the  data  already  obtained,  the  following  conclusions 
can  be  drawn:  (l)  wet  NTO  will  corrode  aluminum  and  iron  alloys  at  70  C; 
(2)  INTO  will  passivate  aluminum  alloys  at  ambient  and  at  elevated  tesK 
peroture;  (3)  HF  will  passivate  both  aluminum  and  iron  alloys  but  only 
significantly  (visually  apparent)  at  elevated  temperatures;  (4)  INTO  does 
not  significantly  passivate  iron  alloys;  (5)  passivation  layers  on  aluminum 
are  much  heavier  w^th  NTO  +  FN0o  than  with  NTO  +  HF;  (6)  although  passi¬ 
vation  layers  are  not  visually  apparent,  300  series  stainless-steel  alloys 
withstand  corrosion  far  better  than  1018  carbon  steel,  440  C  stainless 
steel,  and  AM  330  SCT;  (7)  2014  and  2024  aluminum  alloys  form  thinner  and 
more  adherent  passivation  layers  than  do  7073,  6061,  Tens  30;  (8)  the 
passivation  layers  react  on  exposure  to  (nraist)  air.  It  is  reconended 
that  systems  designed  to  use  the  INTO  oxidizer  be  constructed  of  alloys 
auch  as  the  300  series  stainless  steels  or  2014  or  2024  aluminum  which 
have  been  found  to  behave  significantly  better  when  exfosed  to  the 
propel lant . 


The  ifftett  upon  DOBMtali  of  INTO  u  compared  to  NTO  have  olao  bean 
studied.  It  mis  found  that  Ktl-F,  Toflon,  Kynar,  butyl  rubber,  and  Viton  A 
are  comparably  effected  by  both  compositions. 


The  conductivities  of  FNOg  ♦  vet  and  dry  NTO,  vet  and  dry  NTO,  and  dry 
NTO  ♦  HF  have  been  measured.  Only  a  relatively  small  change  in  solution 
conductivity  vaa  noted.  It  is  therefore  not  anticipated  that  INTO  will 
present  more  galvanic  corrosion  problems  than  does  NTO. 

The  effects  of  intermittently  f loving  INTO  made  from  vet  and  dry  NTO 
through  25»  and  100- pound  valves  for  a  2-veek  period  have  been  investigated. 
No  deterrent  effects  upon  valve  performance  were  observed.  The  use  of  INTO 
is  therefore  not  expected  to  contribute  to  valve  failure  problems. 

A  method  for  preparing  INTO  under  field  conditions  has  been  developed. 

Tisis  method  consist*  of  bubbling  Fg  through  liquid  propellant  grade  NTO 
at  anbient  temperature.  The  reaction  has  been  shovn  to  proceed  smoothly 
and  no  difficulties  are  anticipated  in  scaling  up  the  operation. 

Measurements  of  the  vapor  pressures  and  f reeling  points  of  INTO  solutions 
have  been  cosq>leted.  No  unusually  large  variations  vere  discovered  in 
either  phenomenon.  Henry's  Lav  constants  for  FNOg  vere  measured  and  found 
to  be  7.5  r.  !0~5  ms”1  at  0  C,  6.1  x  10”5  at  ?5  C,  and  6.0  x  10-5 
at  40  C.  It  is  not  anticipated  that  any  major  changes  vill  be  required 
in  systems  designed  for  use  vitb  NTO,  due  to  the  subetitution  of  INTO  for 
NTO  as  a  result  of  the  changes  in  vapor  pressure  and  freezing  point. 

Reclasmtion  of  vet  NTO  as  demonstrated  by  a  reduction  in  vater  equivalent 
has  been  conclusively  demonstrated  by  addition  of  fluorine  or  RiOg.  It 
has  also  been  shovn  that  INTO  may  be  transferred  in  a  closed  system  vitb- 
out  appreciable  loss  of  FN0o.  The  FNOg  content  vas  found  to  be  somevbat 
love  red  after  transfer  because  of  the  filling  of  the  ullage  of  the  con¬ 
tainer  into  vhich  the  INTO  vaa  being  transferred  by  the  INTO  vapors.  A 
slov  drop  in  FNOg  content  of  the  INTO  vas  aiso  noted  until  the  nev  con¬ 
tainer  had  completely  passivated.  To  minimise  these  effects,  transfers 
of  INTO  should  be  made  under  the  folloviug  conditions:  (i)  in  closed 


50 


systems,  (2)  the  container  into  vhich  the  INTO  ia  being  transferred  ahould 
be  filled  as  nenr  to  full  oa  poaaible  to  ainiaize  ullage,  and  (3)  the  FN0o 

a* 

content  of  the  aolulion  being  transferred  ahould  be  soaevhat  higher  than 
than  desired  in  the  final  container. 


PRASE  II:  ANALYTICAL  STUDIES 


Analytical  cheaical  set  hod a  have  been  developed  vhich  allow  INTO  to  be 
analyzed  for  Fy<0,  FNO,,,  NTO,  NO,  No0,  HP,  0o,  N0,  and  HgO.  pytO,  PN0o, 
and  HP  have  been  determined  by  P^  n.a.r.  1^0  has  been  deterained  by 
II1  n.a.r.  and  by  using  an  aluainu”  Turner  bulb  apparatus.  1 3'0 ,  NTO,  NO, 
N(>0,  02,  and  N0  have  been  deterained  by  gaa  chroaatography .  F^NO,  PNOg, 
and  HP  have  been  deterained  by  quantitative  infrared  spec t.'ophotoae try. 
Techniques  for  performing  these  analyses  are  described  in  the  body  of 
this  report. 


RECOMMENDATIONS 

The  encouraging  results  obtained  on  the  INTO  prograa  suggest  the  further 
development  cf  INTO  as  an  operational  propellant.  Additional  engineering 
properties  vill  be  evaluated  on  Contract  P0461 1-67-0-0008.  Further  work 
has  been  proposed  in  response  to  RFQ  F0A61 1-67- R- 0059- 

In  addition  to  these  efforts,  INTO  should,  of  course,  he  test  fired. 
Furthermore,  before  any  system  is  constructed  in  vhich  INTO  is  to  be  used 
as  the  oxidizer,  determinations  should  be  asde  of  the  effects  of  storing 
all  of  the  specific  construction  asterials  of  the  system  in  contact  with 
INTO  ut.der  mission  duty  conditions. 
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APPENDIX  A 
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A-2.  Ferrcra®  Speclaens  Exposed  to  Dry  NTO, 
Adbient  Teaperature 


Aabient  Temperature 


Figure  A-4.  Ferrou*  SpKlnu  Erpooed  to 
Adbiomt  Toaporaturo 


Figure  A-.V  Ferroue  SweiMU  Exposed  to  Vet  NTO  t  FNO  ,  Ambient  Temperature 
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Figure  A-22.  Dry  NTO  +  HF  30-Day  High-Temperature  Aluminum  Specimens 
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Figure  A-23.  Dry  NTO  +  HF  30-Day  High-Temperature  Ferrous  Specimens 
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TABLE  A- 


TABLE  A-3 


WEICfflT  CHANGES  OF  SPECIMENS  EXPOSED  TO  DRY  NTO 
FOR  30  DAYS  AT  AMBIENT  TEMPEEATURE 


Alloy 

Average  Weight 
Change,  grams 

Average  Percent 
Weight  Change 

Comments 

1 

Ferrrus  Specimens 

304  L 

+0.0001 

+0.006 

Weight  changes  were  approximately 
equal  for  all  specimens. 

316 

+0.0002 

-0.010 

Welded  specimens  exhibited  saallev 
weight  decreases  than  nonvelded 
specimens. 

321 

+0.0001 

+0.006 

Liquid-  and  Vapor-phase  welded 
specimens  exhibited  no  weight 
changes. 

AM  350 

0 

0 

The  liquid-phase  nonwelded  speci¬ 
men  showed  an  abnormal  weight 
change  and  was  discarded;  vapor- 
phase  nonwelded  and  liquid-phase 
welded  specimen  showed  no  weight 
change. 

440 

-0.0002 

-0.009 

The  liquid-phase  welded  specimens 
shoved  no  weight  change.  The 
vapor-phase  welded  specimen 
showed  the  smallest  weight  change. 

1018 

+0.0004 

+0.011 

The  liquid-phase  nonwelded  specimen 
Bhoved  the  smallest  weight  change. 

Aluminum  Specimens 

TENS-50 

-0.0002 

-0.025 

None 

2014 

+0.0001 

+0.024 

The  vapor-phase  welded  specimen 
shoved  a  large  negative  weight 
gain  whereas  all  others  vere  pos¬ 
itive.  It  was  discarded  in 
averaging. 

TABLE  A- 3 
(Concluded) 


Alloy 

Average  Weight 
Change,  grams 

Average  Percent 
Weight  Change 

Consents 

mm 

-0.0004 

-0.055 

The  vapor-phase  specimen  shoved 
three  times  the  weight  loss  of 
liquid-phase  specimen. 

6061 

-0.0005 

-0.067 

The  vapor-phase  welded  specimen 
shoved  much  larger  weight  de¬ 
crease  than  others. 

7075 

40.0004 

40.037 

The  vapor-phase  specimen  was  dis¬ 
carded  because  it  shoved  a  large 
negative  weight  loss  probably 
caused  by  dirt  in  a  machining 
groove  noted  before  the  test. 

TABLE  A-  4 


WEIGHT  CHANGES  OF  SPECIMENS  EXPOSES  TO  WET  NTO 
FOR  30  DAYS  AT  AMBIENT  TEMPERATURE 


Alloy 

Average  Weight 
Change,  grama 

Average  Percent 
Weight  Change 

Comments 

i - 

Ferroua  Specimens 

304  L 

+0.0002 

+0.006 

Weight  changes  were  approximately 
equal  for  all  specimens. 

316 

-0.0002 

-0.010 

Weight  changes  were  approximately 
equal  for  all  specimens. 

321 

-0.0002 

-0.010 

Weight  changes  were  approximately 
equal  for  all  specimens 

AM  350 

-0.0001 

-0.003 

The  liquid-phase  welded  specimen 
showed  no  weight  change.  The 
vapor  phase-specimens  showed  a 
weight  decrease.  The  liquid-phase 
nonwelded  specimen  showed  a  weight 
gain. 

440 

-0.006 

-0.027 

The  vapor-phase  weight  losses  were 
approximately  four  times  those  of 
the  liquid  phase. 

1018 

-0.0001 

-0.006  The  vapor-phase  welded  specimen 

was  the  only  specimen  to  show  a 
weight  gain.  The  weight  loss  of 
the  vapor-phase  nonwelded  specimen 
was  four  times  that  of  liquid-phase 
specimens. 

Aluminum  Specimens 

k 

TENS-50 

+0.0001 

+0.019 

The  vapor-phase  welded  specimen 
showed  no  weight  change.  The 
vapor-phase  nonwelded  specimen 
showed  greater  change  than  the 
others. 

TABLE  A- 4 
(Cone  laded) 


I 


Alloy 

A verage  Weight 
Change,  grass 

Average  Percent 
Weight  Change 

Consents 

20  n 

0 

0 

Nonvelded  specimens  exhibited  a 
slight  weight  increase.  The 
vapor-phase  welded  specioen 
showed  no  weight  change. 

2024 

-0.0002 

-0.030 

The  vapor-phase  specimen  showed 
significant  weight  loss.  The 
liqaid-pbase  specimen  showed  no 
change. 

6061 

0 

0 

All  samples  except  the  liquid- 
phase  welded  specimen  showed  no 
weight  change. 

7075 

+0.0002 

+0.014 

The  liquid-phase  specimen  shoved 
weight  gain.  The  vapor-phase 
specimen  shoved  a  weight  loss. 

TAj3L£  L-5 


WEIGHT  CHANGES  CF  SPECIMENS  EXPOSED  TO  EBY  KTG  FOB  30  DAYS  AT  70  C 


Alloy 

i - 

Average  Weight 
Change,  grass 

Average  Percent 
Weight  Change 

Consents 

Ferrous  Specimens 

i  i 

304L 

♦0.0001 

♦0.004 

None 

316 

-0.0001 

-0.006 

Vapor-phase  weight  losses  were 
greater  than  these  of  the  liquid-pi»se 

321 

♦0.0002 

♦0.008 

None 

AM  350 

♦0.0001 

♦0.004 

None 

440 

♦0.0016 

♦0.076 

Vapor-phase  specimens  shoved  slight 
veight  losses  whereas  liquid-phase 
speciaens  shoved  significant  gains 

1018 

♦0.0008 

♦0.030 

Liquid-phase  speciaens  shewed  greater 
veight  increases  than  vapor-phase 
speciaens 

Aluainun  Speciaens 

THIS- 50 

|  -0.0012 

-0.132 

None 

2014 

♦0.0011 

♦0.146 

Vapor-phase  nonwelded  speciaen  shoved 
veight  gain  about  10  tines  those  of 
others 

2024 

-0.0011 

-0.139 

Liquid-phase  speciaen  shoved  veight 
loss  tviee  that  of  vapor-phase 
speciaen 

6061 

-0.007 

-0.098 

All  veight  losses  were  about  equal 

7075 

-0.0002 

-C.014 

Liquid-phase  speciaen  shoved  no 
weight  change 

TABLE  A-6 


vugs  cwsB  or  spbcmbb  expos  h)  to  vet  irro 
rat  50  MTS  AT  70  C 


Allejr 

Anra|t  Firent 
Weight  Chanfe 

Count* 

hrreu  Special 

Ml 

304  L 

-0.0046 

-0.181 

Welded  s  pec  i  Bens  shewed  (renter 
*"  (ht  lean  than  nonwelded  ipeciom. 

316 

-0.0032 

-0.229 

None 

321 

-0.0034 

-0.237 

Vapor-phase  speciaen  weight  looses 
were  slightly  greater  than  liquid- 
phase  specimens. 

All  330 

-0.0077 

-0.263 

None 

440 

-0.0222 

-0.962 

Liquid-phase  welded  spec men  showed 
a  such  saaller  weight  loss  than  others. 

1018 

-0.0017 

-0.073 

Vapor- phase  specimens  showed  greater 
weight  losses  than  liquid- phase 
specimens. 

Aluainua  8peeii 

Bens 

TENS- 50 

-0.0003 

-0.037 

Welded  spec mens  showed  greater 
weight  loss  than  nonwelded  sperinens. 

2014 

-0.0104 

-0.038 

Vapor- phase  welded  speciaer  showed 

2024 

-0.0005 

-0.066 

Vapor-phase  speciaen  weigh*  loss  vas 

4  tiaes  that  of  liquid-phase  speciaen. 

6061 

-0.0002 

-0.031 

Liquid-phase  nonwelded  speciaen 
shewed  weight  increase. 

7073 

-0.0002 

-0.018 

_ 

Liquid-phase  speciaen  shewed  no  v*ight 
change. 

_ 

TABL£  A-7 


WE1CUT  CHANGES  OF  SPBCDCNS  EXPOSES  TO  DRY  WTO  t  PNOg 
FOB  30  DAYS  AT  AMBIENT  TEHPQLATIKE 


Alloy 

Average  Weight 
Change,  gran* 

Avenge  Percent 
Weight  Change 

Co— ant* 

Perron*  Special 

m* 

304  L 

♦0.0011 

♦0.046 

The  weight  gain  of  the  1 iquid- 
phaae  welded  speciaen  waa  slightly 
less  than  the  others. 

316 

♦0.0003 

♦0.025 

The  liquid-phase  weight  gain*  were 
approximately  1.5  tiaes  those  of 
the  vapor  phase. 

321 

♦0.0006 

♦0.030 

The  vapor-phase  nonwelded  specimen 
exhibited  approximately  twice  the 
weight  gain  of  the  other  specimens. 

AM  350 

♦0.0018 

♦0.061 

The  liqnid-phase  nonwelded  speci¬ 
men  showed  a  saaller  weight  gain 
than  other  specimens. 

440 

♦0.0021 

♦0.092 

None 

1018 

♦0.0020 

♦0.000 

The  welded  specimens  showed  weight 
less  than  the  nonwelded  specimens. 

Aloainnn  Speciaen* 

TBB-30 

♦0.0128 

♦1.726 

None 

2014 

♦0.0075 

♦1.068 

Nonwelded  specimens  exhibited  « 
slightly  greater  weight  gain 
than  welded  specimens. 

2024 

♦0.0056 

♦0.696 

There  was  approximately  the  same 
weight  gain  for  all  specimens. 

6061 

♦0.0243 

♦3-37 

No  weight  was  recorded  for  the 
liqnid-i«hase  welded  sample;  it 
was  exposed  to  air  and  the  pass¬ 
ivation  layer  reacted. 

7075 


40.0096 


♦0.092 


Non* 


TABLE  A- 8 


WEIGHT  CHANGES  OF  SPECIMENS  EXPOSED  TO  EKY  NTO  +  PNCg 
FOR  30  DAYS  AT  AMBIENT  TEMPERATURE 
(RERUN  OF  HiEVIOUS  TEST) 


Alley 

Average  Weight 
Change,  grans 

Average  Percent 
Weight  Change 

Comments 

r  i 

Aluminum  Specimens 

1 

TENS- 50 

♦0.0130 

+1.761 

Liquid-phase  specimens  shoved 
greater  weight  gains  than  vapor- 
phase  specimens. 

2014 

+0.0072 

+0.870 

Liquid- phase  specimens  showed 
greater  weight  gains  than  vapor- 
phase  specimens. 

2024 

+0.0098 

+1.124 

Liquid-phase  specimen  showed 
greater  weight  gain  than  vapor- 
phase  specimen. 

6001 

+0.0088 

+1.303 

Liquid-phase  specimens  showed 
greater  weight  gains  than  vapor- 
phase  specimens. 

7075 

+0.0073  j  +0.833 

None 
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TABLE  A- 9 


WEIGHT  CHANGES  OF  SPECIMENS  EXPOSED  TO  DRY  NTO  +  EN02 
FOR  50  DAYS  AT  70  C 


Alloy 

Average  Weight 
Change,  grams 

Average  Percent 
Weight  Change 

Comments 

Ferrous  Specim 

ens 

304L 

+0.0006 

+0.022 

Liquid-phase  nonvelded  specimen 
showed  a  weight  gain  of  about  one- 
third  of  others. 

316 

' 

“ 

Welded  specimens  showed  small  weight 
gains.  Nonwelded  specimens  showed 
small  weight  losses. 

321 

+0.0003 

+0.011 

Liquid-phase  welded  specimen  showed 
weight  gain  of  at  least  twice  those 
of  others. 

AM  350 

+0.0026 

+0.083 

Welded  specimens  showed  double  the 
weight  gain  of  nonwelded  specimens. 

440 

+0.0280 

+1.218 

Nonwelded  specimens  showed  larger 
weight  gains  than  welded  specimens. 

1018 

+0.0060 

+0.260 

Nonwelded  specimens  showed  larger 
weight  gains  than  welded  specimens. 

Aluminum  Speci 

mens 

TENS- 50 

+0.0282 

+3.59 

None 

2014 

►0.0156 

+1.670 

None 

2024 

+0.0138 

+1.720 

Liquid-phase  specimen  showed  weight 
gain  1.5  times  that  of  vapor-phase 
specimen. 

6061 

+0.0234 

+3.23 

Liquid-phase  welded  specimen  showed 
larger  weight  gain  than  others. 

7075 

+0.0203 

+1.888 

Liquid-phase  specimen  showed  weight 
gain  1.5  times  that  of  vapor-phase 
specimen. 
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TABLE  A- 10 


WEIGHT  CHANGES  OF  SPECIMENS  EXPOSED  TO  WET  NTO  +  fNO  , 
FOR  30  DAYS  AT  AMBIENT  TEMPERATURE 


Alloy 

Average  Weight 
Change ,  grams 

Average  Percent 
Weight  Change 

Comments 

Ferrous  Specie 

sens 

304L 

+0.0008 

+0.038 

Vapor-phase  weight  gains  were 
approximately  2.5  times  those  of 
the  liquid-phase. 

316 

+0.0004 

+0.015 

Li  quid- phase  weight  gains  were 
greater  than  those  of  the  vapor- 
phase. 

321 

+0.0006 

+0.030 

Welded  specimen  weight  gains  were 
approximately  half  of  the  non- 
welded  specimens. 

AM  350 

+0.0021 

+0.072 

Vapor-phase  weight  gains  were 
greater  than  those  of  the  liquid- 
phase. 

440 

+0.0027 

+0.115 

All  weight  changes  were  about 
equal. 

1018 

+0.0030 

+0. 146 

Nonwelded  specimens  had  greater 
weight  gains  than  welded  specimens. 

| 

Aluminum  Spec: 

[mens 

TENS- 50 

*0.0231 

+2.36 

All  weight  gains  were  about  equal. 

2014 

+0.0114 

e-. 

so 

-3* 

• 

+ 

Liquid-phase  weight  gains  were 
slightly  greater  than  those  of 
vapor-phase. 

2024 

+0.0063 

+0.772 

Liquid-phase  specimen  showed  greater 
weight  gain  than  vapor-phase 
specimen. 

6061 

+0.0368 

+4.56 

All  weight  changes  were  about  equal. 

7075 

+0.0150 

+1.399 

Liquid-phase  specimen  showed  greater 
weight  gain  than  vapor-phase 

specimen. 

TABLE  A- 11 


WEIGHT  CHANGES  OF  SPECIMENS  EXPOSED  TO  WET  NTO  +  ENOg 
FOR  30  DAYS  AT  70  C 


A1  lov 

Average  Weight 
Change,  grams 

Average  Percent 
Weight  Change 

Comments 

s  - 

Ferrous  Specimens 

304L 

+0.0166 

+0.678 

Welded  specimens  shoved  smaller 
weight  gains  than  nonwelded 
specimens. 

316 

+0.0088 

+0,354 

Welded  specimens  showed  smaller 
weight  gains  than  nonwelded 
specimens. 

321 

+0.0122 

4-0.582 

Liquid-phase  specimens  showed 
weight  gains  about  twice  those  of 
vapor- phase  specimens. 

AM  350 

+0.0376 

+1.284 

Vapor-phase  nonwelded  specimen 
showed  slightly  greater  weight 
gain  than  others. 

440 

+0.0408 

+1.710 

Welded  specimens  showed  slightly 
Bmaller  weight  gains  than  non¬ 
welded  specimens. 

1018 

+0.0176 

4-0.652 

Liquid-phase  specimens  showed 
greater  weight  gains  than  vapor- 
phase  specimens. 

Aluminum  Specimens 

TENS- 50 

+0.1850 

+23.17 

Vapor-phase  welded  specimen  showed 
much  smaller  weight  gain  than 
others. 

2014 

+0.0404 

+5.39 

Nonwelded  specimens  showed  smaller 
weight  gain  than  welded  specimens. 

2024 

+0.0562 

+6.84 

Liquid-phase  specimen  weight  gain 
was  about  twice  that  of  the  vapor- 
phase  specimen. 

6061 

+0.1263 

+18.87 

Liquid-phase  specimens  shoved 
weight  gains  about  4  times  those 
of  vapor-phase  specimens. 

7075 

+0.1140 

+10.67 

Li  quid- phase  specimen  showed 
weight  gain  about  twice  that  of 
vapor- phase  specimen. 

TABLE  A- 12 


WE  I  CUT  CHANGES  OF  SPECIMENS  EXPOSED  TO  DRY  NTO  +  HF 
FOR  30  DAYS  AT  AMBIENT  TEMPERATURE 


Alloy 

Average  Weight 
Change,  grama 

Average  Percent 
Weight  Change 

Comments 

r 

Ferrous  Specimens 

304  L 

+0.0006 

+0+029 

Vapor-phase  weight  increases  were 
greater  than  liquid-phase  weight 
increases. 

316 

+0.0006 

+0.025 

Vapor-phase  weight  gains  were 
twice  those  of  liquid  phase. 

321 

+0.0010 

+0.044 

Nonwelded  specimens  showed 
approximately  twice  the  weight 
gain  of  welded  specimens. 

AM  350 

+0.0023 

+0.080 

All  specimens  showed  approximately 
the  same  weight  increase.  Welded 
specimens  showed  a  slightly 
greater  weight  gain. 

440 

+0.0048 

+0.216 

All  specimens  showed  approximately 
the  same  weight  change. 

1018 

+0.0044 

+0.191 

The  weight  gain  of  the  liquid- 
phase  welded  specimen  was  approx¬ 
imately  one-third  of  the  others. 

Aluminum  Specimens 

TENS-50 

+0.0010 

+0.125 

All  weight  changes  were  approxi¬ 
mately  equal. 

2014 

+0.0009 

+0.121 

The  vapor-phase  welded  specimen 
had  a  slightly  greater  weight 
gain  than  the  others. 

2024 

+0.0004 

+0.044 

The  liquid-phase  specimen  showed 
a  significant  weight  gain.  The 
vapor-phase  specimen  showed  a 
slight  veight. 

6061 

+0.0005 

+0.070 

Liquid-Phase  specimens  showed  a 
slight  weight  change.  Vapor- 
phase  specimens  shoved  a  signifi¬ 
cant  veight  gain. 

7075 

+0.0012 

+0.116 

Both  specimens  showed  approxi¬ 
mately  the  same  veight  increase. 

TABLE  A- 13 


WEIGHT  CHANGES  OF  SPECIMENS  EXPOSED  TO  DRY  NTO  +  HF 
FOR  30  DAYS  AT  70  C 


Alloy 


Average  Weight  Average  Percent 

Change,  grams  Weight  Change 


Ferrous  Specimens 


Comments 


304L 

+0.0039 

+0.157 

Vapor-phase  welded  specimen  showed 
larger  weight  gain  than  others. 

316 

+0.0050 

+0.191 

Vapor-phase  specimens  showed 
weight  increases  twice  those  of 
liquid-phase. 

321 

+0.0056 

+0.244 

None 

AM  330 

+0.0088 

+0.294 

Liquid-phase  nonwelded  specimen 
showed  less  of  a  weight  gain  than 
others. 

440 

+0.0447 

+1.985 

Welded  specimens  showed  less  of  a 
weight  gain  than  nonwelded 
specimens. 

1018 

+0.0362 

+1.497 

None 

Aluminum  Spec 

Lmens 

TENS- 50 

+0.0282 

+3.59 

None 

2014 

+0.0131 

+1.670 

Liquid-phase  specimens  showed 
greater  weight  gains  than  vapor- 
phase  specimens. 

2024 

+0.0138 

+1.720 

Liquid- phase  specimen  showed 
greater  weight  gain  than  vapor- 
phsos  specimen. 

6061 

+0.0234 

+3.23 

None 

7075 

+0.0102 

+1.888 

Liquid-phase  specimen  showed 
greater  weight  gain  than  vapor- 
phase  specimen. 

y 


TABLE  A- 14 


SURFACE  CONDITION  OF  SPECIMENS  EXPOSED  TO  DRY  NTO 
FOR  30  DAYS  AT  AMBIENT  TEMPERATURE 


Alloy 

Phase 

Consents 

Ferrous  Specimens 

304  L 

Vapor 

No  effect 

Liquid 

Crazing  and  very  slight  corrosion  of 
machining  grooves 

316 

Vapor 

No  effect 

Liquid 

Very  slight  corrosion  of  machining  grooves 

321 

Vapor 

No  effect 

Liquid 

Very  slight  crazing  and  very  slight  cor¬ 
rosion  of  machining^ grooves 

AM  350 

Vapor 

Slight  surface  attack 

Liquid 

Very  slight  surface  attack 

440 

Vapor 

Pitting  and  apparent  corrosion 

Liquid 

Slight  pitting  and  apparent  machining 
groove  corrosion 

1018 

Vapor 

Bad  pitting  and  scale  formation 

Liquid 

Bad  pitting  ar.d  scale  formation 

Aluminum  Specimens 

TENS-50 

Vapor 

Very  slight  attack  of  machining  grooves 

Liquid 

Very  slight  attack  of  machining  grooves 

2014 

Vapor 

No  effect 

Liquid 

Very  slight  surface  attack 

2024 

Vapor 

No  effect 

Liquid 

No  effect 

6061 

Vapor 

No  effect 

Liquid 

81igfat  pitting  and  corrosion 

7075 

Vapor 

No  effect 

Liquid 

No  effect 

A-  AO 


TABLE  A-15 


SURFACE  CONDITION  OF  SPECIMENS  EXPOSED  TO  VET  NTO 
FOR  30  DAYS  AT  AMBIENT  TEMPERATURE 


Alloy 

Phase 

Coomenta 

Ferrous  Specimens 

304  L 

Vapor 

No  effect 

Liquid 

No  effect 

316 

Vapor 

No  effect 

Liquid 

No  effect 

321 

Vapor 

Very  slight  corrosion 

Liquid 

Very  slight  corrosion  and  erasing 

AM  350 

Vapor 

Very  slight  corrosion 

Liquid 

Very  slight  corrosion 

440 

Vapor 

Slight  corrosion 

Liquid 

Slight  corrosion  and  spotting 

1018 

Vapor 

Slight  corrosion  of  machining  grooves 

Liquid 

Slight  corrosion  of  machining  grooves 

Aluminum  Specimens 

TENS- 50 

Vapor 

Pitting  and  slight  corrosion  of  veld 
surface 

Liquid 

Slight  pitting  and  surface  corrosion 

2014 

Vapor 

Slight  corrosion 

Liquid 

Very  slight  corrosion 

2024 

Vapor 

Very  slight  corrosion  on  edge 

Liquid 

Very  slight  corrosion 

6061 

Vapor 

Slight  corrosion  and  alight  pitting 

Liquid 

Very  slight  corrosion  and  slight  pitting 
or  spotting 

7075 

Vapor 

Pitting  and  slight  corrosion 

Liquid 

Very  slight  pitting  and  slight  corrosion 

TABLE  A- 16 


SUBFACE  CONDITION  OF  SPECIMENS  EXPOSED  TO  LHY  NTO 
FOR  30  DAYS  AT  70  C 


Alloy 

Phase 

Comments 

Ferrous  Specimens 

304L 

Vapor 

Slight  spotting  and  slight  corrosion 

Liquid 

No  effect 

316 

Vapor 

Slight  pitting  and  spotting 

Liquid 

Slight  spotting  and  slight  corrosion 

321 

Vapor 

No  effect 

Liquid 

No  effect 

AM  350 

Vapor 

No  effect 

Liquid 

Very  slight  spotting  and  slight  corrosion 

440 

Vapor 

Apparent  corrosion 

Liquid 

Apparent  corrosion 

1018 

Vapor 

Bad  corrosion 

Liquid 

Bad  corrosion 

Aluminum  Specimens 

TINS- 50 

Vapor 

Very  slight  corrosion  and  very  slight 
spotting 

Liquid 

Very  slight  corrosion  and  slight  spotting 

2014 

Vapor 

No  effect 

Liquid 

Very  slight  corrosion  and  very  slight 
spotting 

2024 

Vapor 

No  effect 

Liquid 

Very  slight  corrosion  and  slight  spotting 

6061 

Vapor 

No  effect 

Liquid 

No  effect 

7075 

Vapor 

No  effect 

Liquid 

No  effect 

TABLE  A- 17 


SURFACE  CONDITION  OF  SPECIMENS  EXPOSED  TO  VET  NTO 
FOR  30  DAYS  AT  70  C 


Alloy 

Phase 

Coaaients 

204L 

Vapor 

Ferrous  Specimens 

Slight  spotting  and  corrosion 

Liquid 

Slight  spotting 

316 

Vapor 

Spotting 

Liquid 

Slight  discoloring  and  slight  corrosion 

321 

Vapor 

Very  slight  corrosion  and  slight  discoloring 

Liquid 

Very  slight  corrosion  and  slight  spotting 

AM  350 

Vapor 

Very  slight  corrosion  and  slight  discoloring 

Liquid 

No  effect 

440 

Vapor 

Slight  corrosion  and  discoloring 

Liquid 

81ight  corrosion  and  discoloring 

1018 

Vapor 

Corrosion  and  flaking  surface  layer 

Liquid 

Corrosion  and  flaking  surface  layer 

THIS- 50 

Vapor 

A 1  uni  mat  Spec  mens 

No  effect 

Liquid 

No  effect 

2014 

Vapor 

No  effect 

Liquid 

No  effect 

2024 

Vapor 

Soae  dark  spots 

Liquid 

No  effect 

6061 

Vapor 

No  effect 

Liquid 

Slight  spotting  and  slight  corrosion 

7075 

Vapor 

No  effect 

Liquid 

No  effect 

TABLE  A- 18 


SURFACE  CQNDITIdt  OF  SPECIMENS  EXPOSED  TO  DRV  NTO  ♦  FKO^ 
FOR  30  DAYS  AT  AMBIENT  TBfPBlATURE 


A-45. 


TABLE  A- 19 


SURFACE  CONDITION  OF  SPECIMBC  EXPOSES)  TO  DRY  AND  VET 
NTO  ♦  »N02  FOB  30  DAYS  AT  70  C 


Alloy 

— 

Phase 

Consents 

Pei 

rrous  Specimens ,  Dry 

340L 

Vapor 

Extremely  thin  surface  layer 

1 

Liquid 

Extreaely  thin  surface  layer 

1  316 

| 

Vapor 

Extremely  thin  surface  layer 

! 

| 

Liquid 

Extreaely  thin  surface  layer 

!  321 

Vapor 

Very  thin  surface  layer 

! 

Liquid 

Very  thin,  spotty  surface  layer 

AM  350 

V?por 

Very  thin  surface  layer 

! 

Liquid 

Very  thin  surface  layer 

!  440 

Vapor 

Heavy,  loose  surface  layer 

1 

i 

Liquid 

Spotted  surface  layer 

1018 

Vapor 

Spotted  surface  layer 

Liquid 

Spotted  surface  layer 

Fe 

rrous  Specimens,  Vet 

304L 

Vapor 

Heavy,  irregular  surface  layer 

Liquid 

Eeavy,  irregular  surface  layer 

316 

Vapor 

Heavy,  spotted  surface  layer 

Liquid 

Crazed  surface  layer 

321 

Vapor 

ILsvy  surface  layer 

Liquid 

Heavy,  crazed  surface  layer 

A- 45 


TABLE  A- 19 
(Continued) 


Alloy 

Phase 

Consents 

Fe 

rrous  Specimens,  Vet 

AM  350 

Vapor 

Spotted  surface  layer 

Liquid 

Heavy  surface  layer 

440 

Vapor 

Heavy,  light  colored  surface  layer 

Liquid 

Heavy,  spotted  surface  layer 

1018 

Vapor 

Spotted  surface  layer 

Liquid 

Heavy  spotted  surface  layer 

The  puasivation  layers  on  the  aluminum  specimens  for  both  of  the  above 
tests  reacted  and  disappeared  before  photomicrographs  could  be  taken. 
Photographs  of  these  specimens  can  be  seen  in  Fig.  and 


TABLE  A- 20 


SURFACE  CONDITION  OF  SPECIM0JS  EXPOSED  TO  WET  HTO  +  ENOg 
FOR  30  Ik  *T  AMBIENT  TEMPERATURE 


ran 

Phase 

Consents 

— - 

Ferrous  Specimens 

304L 

Vapor 

Slight  discoloring  and  surface  layer 

Liquid 

Slight  discoloring  and  surface  layer 

316 

Vapor 

Slight  discoloring  &nd  spotty  surface  layer 

Liquid 

Very  slight  discoloring  and  thin  surface 
layer 

321 

Vapor 

Slight  discoloring  and  spotty  surface  layer 

Liquid 

Slight  discoloring  and  spotty  surface  layer 

AM  350 

Vapor 

Slight  surface  layer  and  discoloring 

Liquid 

Slight  surface  layer  and  discoloring 

440 

Vapor 

Apparent  dark  spotted  surface  layer 

Liquid 

Apparent  spotted  surface  layer 

1018 

Vapor 

Apparent  spotted  surface  layer 

Liquid 

Apparent  spotted  surface  layer 

Aluminum  Specimens 

TENS- 50 

Vapor 

Loose  passivation  layer 

Liquid 

Loose  passivation  layer 

2014 

Vapor 

Apparent  passivation  l'.yer 

Liquid 

Apparent  passivation  layer 

2024 

Vapor 

Thin  passivation  layer 

Liquid 

Thin  passivation  layer 

6061 

Vapor 

Loose  passivation  layer  and  crazed  surface 

Liquid 

Craz:*  passivation  layer 

7075 

Vapor 

Apparent  passivation  layer 

Liquid 

Crazed  passivation  layer 

A- 47 


TABLE  A-21 


SURFACE  CONDITION  OF  SFECDfiNS  EXPOSED  TO  DRY  NTO  +  HF 
FOR  30  DAYS  AT  AJffilENT  TEMPERATURE 


Alloy 

|  PhMO 

|  Coaments 

r 

r 

Ferrous  Specimens 

304  L 

Vapor 

Slight  surface  layer 

Liquid 

Spotted  surface  layer 

316 

Vapor 

No  effect 

Liquid 

Spotting  on  slight  surface  layer 

321 

Vapor 

Slight  surface  layer 

Liquid 

Spotting  on  slight  surface  layer 

AM  350 

Vapor 

Very  slight  spotting  on  alight  surface 
layer 

Liquid 

Very  slight  shotting  on  surface  layer 

440 

Vapor 

Spotted  surface  layer 

Liquid 

Spotted  surface  layer;  dense  layer  on 
nonvelded  specimen 

1018 

Vapor 

Apparent  spotting  on  surface  layer 

Liquid 

Spotted  surface  layer 

Aluminum  Specimens 

TENS-50 

Vapor 

Spotted  passivation  layer 

Liquid 

Spotted  passivation  layer 

2014 

Vapor 

No  effect 

Liquid 

No  effect 

2024 

Vapor 

No  effect 

Liquid 

No  effect 

6061 

Vapor 

i 

Apparent  surface  erasing 

Liquid 

Slight  passivation  layer 

7075 

Vapor 

81ight  passivation  layer 

_ 1 

Liquid 

Passivation  layer 

TABLE  A- 22 


SURFACE  CONDITION  OF  SPECIMBS  EXPOSED  TO  DRY  NTO  +  HF 

FOR  30  nAYS  AT  70  C 


Alloy 

Phase 

Consents 

Ferrous  Specimens 

304L 

Vapor 

Spotted,  very  thin  surface  layer 

Liquid 

Spotted,  very  thin  surface  layer 

316 

Vapor 

Spotted,  thin  surface  layer 

Liquid 

Spotted,  thin  surface  layer 

321 

Vapor 

Slight  spotting  and  very  thin  surface  layer 

Liquid 

Spotted,  very  thin  surface  layer 

AM  350 

Vapor 

Very  thin,  spotty  surface  layer 

Liquid 

No  effect 

i 

440 

Vapor 

Extremely  heavy  flaking  surface  layer  1 

Liquid 

Extremely  heavy  flaking  surface  layer  j 

1018 

Vapor 

Heavy,  spotted,  light  colored  surface  layer 

Liquid 

Spotted,  light  colored  slaking  surface 
layer 

Aluminum  Specimens 

THIS- 50 

Vapor 

Very  thin  passivation  layer 

Liquid 

Very  thin  passivation  layer 

2014 

Vapor 

This  passivation  layer 

Liquid 

Passivation  layer 

2024 

Vapor 

Very  thin  passivation  layer 

Liquid 

ftisivation  layer  ^ 

6061 

Vapor 

| 

Passivation  layer  1 

Liquid 

Passivation  layer 

7075 

Vapor 

hssivation  layer 

Liquid  |  Passivation  layer 

A-A9/A-5G 


APPENDIX  B 

4 

DATA  ON  EFFECTS  OF  FLOWING  INTO  UPON  VALVES 


B-l 


TABLE  B-l 


ANALYSIS  OF  INHIBITS)  NITBOGBi  TETROXIDE 
USED  FOR  THE  SED  FBOPfl<LANT  VALVE 


Original 

Weight  Percent  FNO2 

FNO2 

Propellant 

Vater  Content 

Before  Test 

After  Test 

Dry  NTO 

0.08 

5 

5 

Wot  NTO 

0.18 

5 

5 

B-2 


TABLE  B-2 

PROPELLANT  VALVEB  PRE-  AND  POST-FWCTIONAL  TBS' 


J 


Valve 

No.  /Size 

INTO 

Composition 

- - -  — - H 

Pre-Teat  Functional 

300  pai 

_ J 

Pull-in 

Time 

at  26  Volts, 
second 

Drop-out 

Time 

at  26  Volts, 
second 

Pull-in 
Current 
at  26  Volts, 

asqiere 

Drop-out 
Current 
at  26  Volts, 
aaqpere 

Leakage, 

cc/ain 

1 

1/25  lb  > 

Mil-Spec 

0.0031 

0.0011 

0.15 

0.032 

0 

■ 

) 

vith 

■ 

2/100  lb J 

Inhibitor 

0.0166 

0.0027 

0.27 

0.052 

0 

■ 

3/100  lb*3 

Wet  NTO 

0.0158 

0.0023 

0.26 

0.055 

0 

vith 

■I 

4/25  lb  J 

Inhibitor 

0.0042 

0.0012 

0.17 

0.030 

0 

■ 

Posl 

t-Teat  Functi 

onal 

1/25  lb  -v 

Mil-Spec 

0.0034 

0.0012 

0.138 

0.032 

<1 

E 

} 

vith 

2/100  lbj 

Inhibitor 

0.0165 

0.0024 

0.29 

0.055 

0 

■ 

3/100  lb>> 

Wet  NTO 

0.016 

0.0030 

0.225 

0.060 

<1 

vith 

■ 

4  25  lb  J 

Inhibitor 

0.0044 

0.0014 

0.195 

0.032 

0 

■ 

TABLE  B-2 

VALVB  ni~  >VD  POST -FUNCTIONAL  TESTS 


Pre-Test  Functions! 


Drop- oat 
Carrout 
at  26  Volts, 


Losing* , 

cc/aio 


8. 

0 

Pull-in 

Tiw 

at  26  Volts, 
•oeond 

Drop-out 

Tiw 

at  26  Volts, 
second 

Pull-in 
Current 
st  26  Volts, 
nape  re 

Drop-out 
Current 
st  26  Volts, 
sap* re 

TABLE  B-3 


DETAILED  VALVE  DISASSEMBLY  INSPECTION  DATA* 

NO.  1,  25- POUND- THRUST  VALVE 


Seat 

White  crystalline  material  downstream  of  seat  (fairly  heavy  deposit); 
seat  was  clean  (Fig.  B-7). 


Armature /Pall 


Etched  except  for  one  circular  spot  evidently  where  seated  (Fig.  B-8). 
Film  in  evidence  on  armature  and  deposited  in  holes  (Fig.  B-9). 
Film-coating  on  armature,  very  fine  etch  (Fig.  B-10). 


Bore 

Pole  face  etched  with  alight  deposit  (Fig.  B-ll). 
NO.  2,  1 00- POUND- THRUST  VALVE 


Seat 

Comparatively  clean;  a  few  flakes  of  crystalline  material;  clean  down¬ 
stream;  iomediately  upstream  speckled  with  green  crystalline  depoait 
(Fig.  B-12). 

Armaturc/Bal  1 

Seat  area  bright  and  shiny,  finish  unaffected,  other  part  of  ball  etched; 
few  crystals  of  white-green  material  on  seated  portion  of  ball  (Fig.  Ml). 
Heavy  buildup  of  depoait  on  wall,  and  armature  would  not  drop  out  of 
housing  freely;  the  armature  had  to  be  pushed  from  tbe  filter  side  to 
remove  from  housing  (Fig.  B-lb'. 


Bore 

Heavy  buildup  of  material  on  walls  especially  in  area  at  upper  portion 
of  aronture  wall  (Fig.  B-16);  pole  f^ce  has  quite  s  bit  of  buildup  also 
(Fig.  B-15). 

•Although  a  buildup  of  material  was  visibly  apparent  on  all  surfaces  exposed 
to  the  propellant,  no  deterrent  effect  on  .slvc  performance  resulted  (fable  B-2). 

B-5 


TABU  B-3 

(Concluded) 


NO.  3,  1 00- POttSD- THRUST  VALVE 


Clem  with  ioa«  crystal line  aaterial  upstreaa  very  ooifornly  deposited 

(Fig.  B-17). 


Ar— tare /Ball 

Two  places  indicating  seating;  one  bright  and  hardly  etched,  the  other 
etched  bat  not  aa  nuch  as  the  previous  valve  (Fig.  B-18).  Crystalline 
deposits  all  around  bell  area  and  holes,  possibly  not  as  nuch  as  in 
valve  No.  2.  Vail  of  arnatnre  has  filn  uaifornly  deposited  (Fig.  B-19). 
Deposit  not  heavy,  a mature  was  easily  renoved  fron  valve. 


Bore 

Vail  had  heavy  deposit  at  point  where  wall  and  a mature  neats  bote 
wall  for  about  1/8  to  l/%  inch  down.  Area  above  very  clean,  not  de¬ 
posited  (Fig.  B-20).  Chi fora  light  deposit  or  filn  over  ares  of  pole 
face  (Fig.  B-4). 


NO.  A,  25- POUND-THRUST  VALVE 


Seat 

Heavy  deposit  ups t re on  and  ou  upper  portion  of  seat.  Seat  had  quite  a 
bit  of  salts  deposited  on  downstreaa  side  (Fig.  P-22) . 


Ama  tore  /Ball 


Etched  slightly  except  for  area  where  ball  seated,  sooe  salts  around 
ball  (Fig.  B-23).  Light  filn  covering  a mature  and  speckled  raised  de¬ 
posit  on  walls,  boles,  sod  around  ball  (Fig.  B-24). 


Bore 


Pole  face  bad  only  slight  filn  of  deposit  (Fig.  B-23). 


Figure  iV-1  -  25-Pound-Tbruat  Propellant  Valve 


Figure  B-3.  25-Pound-Thrust  Propellant  Valve 


17-7  PH 


Figure  B-6.  Interior  of  Test  Apparatus 


1BC65-9/26/66-C1B 

Figure  B-9.  25 -Pound-Thrust  Valve  No.  1,  View  3 


B-15 


Figure  B>10.  25 -Pound-Thrust  Valve  No.  1,  View 


Figure  B-ll.  25 -Pound-Thru* t  Valve  No,  1,  View 


B-19 


yigu re  3-13.  100-Pound-Ttaruet  Valve  No.  2,  View 


Figure  B-14.  100 -Pound-Thrust  Valve  No.  2,  View 


Figaro  B-15.  100 -Pound-Thru* t  Valve  Mo.  2,  View 


Figure  B-16.  100-Pound-Tbrust  Valve  No.  2.  Viev 


« 


Figvro  B-81.  100-Pound-Tfcruat  Volvo  No.  %  View 


Figvr*  B-23.  0<PwM>Tkrwi  W»*  K*.  4,  fir*  8 
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Figure  B-24.  25-Pound-Thrust  Valve  No.  4,  Viev 
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11  AOeOC  CMNTAftV  NOm  It  lAONIOAINO  MILITANT  ACTIVITY 

Ail  Force  Rocket  Propulsion  Laboratory 

Research  and  Technology  Division 
_ _  Edvards.  California 

11  AssTRACT  This  program  is  concerned  vi  devaluating  a  new  storable  liquid  oxidizer 
INTO,  vhich  is  nitrogen  tetroxide  (NTO)  inhibited  with  a  fluorine  oxidizer.  The 
best  fluorine  oxidizer  has  been  found  to  be  EN02-  Storability  tests  of  INTO  in 
stainless-steel,  aluminum,  and  nickel  containers  at  70  C  have  nov  been  in  proaresi 
for  6  months  with  no  apparent  change  in  the  composition  of  the  propellants.  Cor¬ 
rosion  tests  of  steel  and  aluminum  alloys  a re  being  conducted  in  vet  NTO,  dry  NTO, 
INTO  made  from  vet  NTO,  INTO  made  from  dry  NTO,  and  dry  NTO  -1-  HF.  The  tests  are 
being  conducted  at  ambient  temperature  for  30  cays  and  for  20  months,  and  at  70  C 
for  30  days.  The  results  of  the  30-day  tests  are  reported  herein.  A  definite 
passivation  layer  vas  noted  both  visually  and  by  veight  change  on  the  aluminum 
samples  exposed  to  INTO  at  both  temperatures  and  on  the  iron  samples  exposed  to 
INTO  and  to  NTO  +  HF  at  70  C.  INTO  made  from  vet  and  dry  NTO  has  been  intermit¬ 
tently  floved  through  25-  and  100-pound  valves  for  a  2  veek  period  vith  no  appar¬ 
ent  deterent  effects  upon  valve  performance.  INTO  has  been  prepared  by  bubbling 
p2  through  liquid-propellant-grade  NTO  at  aNbient  temperature.  The  reaction  pro¬ 
ceeded  smoothly  and  no  difficulties  are  anticipated  in  scaling  up  the  operation. 
The  conductivities  of  INTO  and  NTO  solutions  have  been  measured.  The  addition  of 
?N02  or  FnNO  to  NTO  caused  only  a  small  change  in  conductivity.  It  is  not  antici- 
iated  that  INTO  vill  present  more  galvanic  corrosion  problems  then  does  NTO. 
feasuremente  of  the  vapor  pressures  and  freezing  points  of  INTO  solutions  have 
»een  completed.  Methods  have  been  developed  for  the  chemical  analysis  of  INTO 
pnd  of  NTO. 
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i.  OSIOI  SAT!  SO  ACTIVITY:  Ims  tha  mm  Mi  Mirni 
•f  the  ciMfKis,  NkcMUKis,  prantaa,  Dap  art  Meet  *i  Dm 
(•AM  Ktlfllr  •  Oks  S|t«lMllmi  fcaapa'Ma  author!  laeaiap 
tha  rep*  t. 

Il  REPORT  SECU1ETY  CLASSIFICATION:  ImsUmvs- 
*11  Mcu/tljr  claaatficatlaa  •(  the  MHt  UilcSl  whether 
"Restricted  Data"  la  lucludad.  Markup  la  ta  ha  la  aaaoci 
•aca  with  appraprlata  security  rapid  ntloaa. 

3*  GROUP:  AucommIc  down^radlnp  la  apaciflad  la  DaD  Dt- 
racUua  JJOO.  10  sad  Araai  ParcM  Industrial  Manual.  Entar 
tha  (roup  nuMbar  Also,  whau  appticabla,  show  that  apt  la  sal 
Markins*  ha»a  Man  uaad  for  Group  3  and  Oat#  4  a*  autbw- 


iMpaaad  by  security  classification,  ual^  atandard  aUlatnantt 

•uch  a* 

(I)  "Qualified  request  are  May  abiala  capias  of  tbla 
r apart  fcaa  DDC" 


I.  RIPORT  TtTLK:  Eldar  tha  caMplata  rapart  tUIa  la  all 
capital  1  altar*.  Tltlaa  is  all  c«m*  abeuld  ba  nnc.aaalflad. 

U  a  Maalagal  tkla  cannot  ba  elected  arithaid  .taaaifUo- 
tlau,  ahaw  tUlr  claMlflcatla*  la  all  capMala  la  parambaata 
Imatadlataly  fall  aw  In*  tba  ail*. 

A  DESCRIPTIVE  NOTED  If  appropriate,  aatar  tba  typa  •( 
rapart,  Op,  latarka,  prapaaa.  auwary.  annual,  ar  final, 
Oi*a  tba  inclusive  datac  nrbaa  a  (pacific  raparUnp  period  la 
carat  ad, 

I.  AUTHORISE  Entar  tha  MMofal  af  authoKa)  a*  ahaara  a* 
or  in  tha  rapart.  Emm  loot  wane,  fir  at  aaana,  nlddlo  Initial. 
If  military,  aha*  rank  and  branch  of  aarricth  Tha  «a*t  af 
tha  principal  a  Khar  >a  an  abaaluta  Mlalntna  rapulroMaat 

A  REPORT  DaTL  Entar  tha  data  of  tha  rapart  ••  day, 
ataaih.  ysar.  at  araaih.  yoan  If  mot*  than  ana  data  appoara 

an  tha  r^ort.  um  data  af  publication. 

7a  TOTAL  NUMBER  OP  PAGED  Tha  total  papa  ( aunt 
should  falls*  aafMal  yap Inatlan  pracadtsaa.  la,  aatar  lha 
nuabar  of  papa*  caMttnlnp  infernal  lam 

7*.  MUMbER  OP  REFERENCED  E-ar  tba  total  nuaber  of 
rafara*'**  ctiad  la  tba  r^.rt. 


la  CONTRACT  OR  OR  ANT  NUMBER  If  appraprlata,  aatar  ' 
tha  applicabla  nuMbar  af  tha  caatraat  ar  praat  under  aMlch 
tha  rapan  *•*  aotttaaa 

W  k.  b  id  PROJECT  NUMBER  Entar  tba  appraprlata 
Military  dapartaaaat  idautlflcatlan.  auch  aa  prajact  auMbar. 
aekprajact  nuabar.  ayataM  auahara.  taah  nuabar,  at  a. 

In  ORIOINATOR  I  REPORT  RUM»ER<8>  Entar  tha  af* 
alal  rapart  nuMbar  by  which  tha  i  ecu  wane  will  ba  IdOMIflad 
and  cantrallad  by  lha  arlplnatlnp  activity.  Thla  auaabar  aaat 
ha  *niaua  ta  ihia  i apart. 

••  OTHER  REPORT  NUMBERS)  If  tha  rapart  haa  Mm 
•Mlpnad  any  athar  rapart  nuMbM*  'atihor  by  lha  aripina*ar 
•r  Oy  tha  apauaarj.  ataa  aatar  HU*  uwMkacta). 

10.  AVAILAKLITY  LIMITATION  NOTICED  Entar  any  1U» 
nation*  an  farther  d  laaaatoattan  af  tha  rapart.  athar  than  t>**0| 


(1)  "foraipt  a  ana  ua  rata  ant  and  dtaaoMtaattan  af  tbla 
rapart  by  DDC  la  nat  aothoriooa.  ’* 

(I)  "U  E  OacataMaal  apanclaa  May  obtain  capias  af 
tbla  rapart  dbactly  Dm  DDC.  Other  puntl&ad  DDC 
uaara  shall  rapaaat  thrauph 

•  f 

(4)  "U.  D  Military  apanclaa  May  obtain  caplaa  af  tbla 

rapart  diractly  (raw  DDC  Othar  puallflad  aaara 
•ball  rapaaat  thrauph 


(i)  "All  distribution  of  tbla  rapart  la  control  lath  Qua!* 

If  lad  DDC  aaara  aboil  rapua*t  thrauph 

Id 

—  a 

If  tba  rapart  baa  baas  furnished  ta  tba  Gfflca  af  Tachnical 
■artricaa.  Dapartarant  af  Ciaascn  far  a* la  ta  tba  ptbllc,  iadb 
c  tea  thla  fact  aad  aatar  tba  prtca.  If  knew* 

IL  SUPPLEMENTARY  NOTED  Um  far  additional  a apl (no¬ 
tary  aataa. 

11  VONSORINQ  MILITARY  ACTtVtTY:  Kmar  tba  aaara  af 
tba  depart  Mantel  prajact  afttca  ar  iabaratary  apaaaadnp  'par 
'A#  fori  lha  raaaarch  and  tardapaiai  Include  addraan 

il  ABSTRACT:  Inter  aa  abatract  plrlnp  a  brief  and  factual 
auMMary  af  tha  iaruaant  ladUattat  *i  tha  rapart.  a  ran  thsuph 
It  May  alaa  appear  alaawhara  In  die  body  af  tba  tachnical  ra¬ 
part  If  addiUanal  spar*  is  repaired,  a  raatlanatlaa  ahaat  shall 
ha  attechad. 

It  la  Iti^ly  daairabla  that  tba  afaatract  of  classified  r* porta 
ha  unclaaainad  Each  paragraph  af  tha  saatract  shall  sad  with 
an  lad  tea  l  lan  af  tba  Military  security  claaalflrattaa  af  tha  la- 
fa*M*ttan  In  tba  paraprapb.  rapraaaatad  aa  rrt)  ' ti  rc>  *>  tV> 


Thar*  ta  aa  ItMitatlaa  an  tha  l 


af  the  abstract  Haw- 


14  EEY  PORDS:  lay  wards  ora  technically  weaalapArl  Mima 
ar  abort  phrase*  that  charactartoa  a  rapart  and  May  ha  uaad  •• 
tndai  oatftM  far  cat* laptop  Do  rapart  Bay  ward*  Mwat  ho 
a*  I  sc  tod  m  Dot  m  security  cicaaiRcatlan  la  repaired  Idaatt- 
flora.  each  a*  apilpa  sat  modal  daalpaattaa.  trade  ns  at*.  Military 
paaiact  coda  war  pjapraphir  lacatlaa.  May  ha  road  aa  bay 
ward*  bat  will  ba  fall  owed  by  aa  ladicattan  af  tachnical  can- 
taut  Tba  ooolpnnaai  af  itaba.  rwlaa.  and  wriRna  la  apt! anal 


